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Determination of the Significance of Roof Crush on Head and Neck 

Injury to Passenger Vehicle Occupants in Rollover Crashes 

ABSTRACT 

A  c o m  p a r a t iv e  s t ud y  b e tw e e n  b e l te d  r o llo v e r  

o c c u p a n ts  w h o  d i d  a n d  d id  n o t r e ce iv e  h e a d  

in ju r ie s  fr o m  r o o f c o n ta c t w a s  c o n d u c te d  u s in g  

the  N a t io n a l A c c id e n t S a m p lin g  S ys te m  ( N A S S )  

d a ta b a s e .  T h e  m a i n  o b j e c ti v e w a s  t o  d e te r m in e  

if  h e a d r o o m  r e d u c t io n  i n c r e a s e s  t h e  ri s k o f h e a d  

in ju r y .  H e a d r o o m  w a s  d e t e rm i n e d  fo r  1 5 5  

b e lte d  o c c u p a n ts  in v o lv e d  in  r o llo v e r c ra s h e s  o f  

v e h ic le s  w h i c h  w e re  th e n  w e i g h te d  t o  m a k e  

th e m  rep re s e n t a t iv e  o f  n a t io n a l  e s t im a t e s .  

R e s u l ts  s h o w e d  t h a t  h e a d r o o m  w a s  r e d u c e d  

m o re  in  th o s e  c ra s h e s  w h e r e  th e  o c c u p a n t h a d  

h e a d  inju rie s  th a n  in  c a s e s  w h e re  th e r e  w e re  n o  

h e a d  in ju r ies . I t  w a s  c o n c lu d e d  th a t  th e  r is k  o f  

h e a d  in ju r y  in c re a s e d  w i th  r e d u ce d  h e a d r o om .  

F u r th e r m o r e , i t w a s  o b s e r v e d  th a t w h e n  t h e  

in it ia l h e a d r o o m  w a s  h ig h e r ,  th e  in c id e n c e  o f  

h e a d  in ju r y w a s  r e d u c e d .  

INTRODUCTION 

W h e n  c o m p a r e d  to  t h e  o t h e r a c c i d e n t  m o d e s ,  

r o llo v e rs  ha ve  a  h igh er  r is k  o f  in ju r ie s  a n d  

fa ta l i t ie s.  W h i le  r o ll o v e r  a c c i d e n t s  re p r e se n t  

o n ly  2 . 2  p e r c e n t  o f a l l h i g h w a y  t o w - a w a y  

c r a s h e s ,  th e y  a re  r e sp o n s ib le  fo r  a b o u t 1 9  

p e r ce n t o f h ig h w a y  f a ta li t ie s [1 ]*. H o w e v e r ,  th e  

ris k  o f  in ju r y  in c re a s e s  d ra m a t ic a lly  fo r  u n b e lte d  

o c c u p a n ts  in  r o llo v e r  a c c i d e n ts .  T h e r e  w e re 

9 6 7 6  r o llo v e r a c c id e n t  fa ta li t ie s  in  1 9 8 9 ,  o f 

w h i c h ,  o n ly  a b o u t 1 2  p e r ce n t w e r e  re p o r te d  to 

b e  u s in g  a  s e a t b e lt  o r  a  ch ild  s a fe ty  s e a t  [2 ]. 

W h e n  e x a m i n in g  r o llo v e r a c c id e n ts  u s in g  th e  

N A S S  d a ta b a s e  fr o m  1 9 8 2  th r o u g h  1 9 89 ,  it  w a s  

fo u n d  th a t a b o u t 8  p e r ce n t ( 1 2 ,0 0 0 )  o f s e rio u s  

in ju rie s  w e r e  t o  b e l te d  n o n - e je c t e d  o c c u p a n t s .  

* Numbers in [ ] indicate references at the end 
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S i x ty  p e r ce n t o f  fa ta lly  in ju r e d  a n d  4 8  p e r ce n t o f  

the  s e rio u s ly  in ju r e d  o cc u p a n ts  w e r e  u n b e lte d  

a n d  e je c te d  [3 ]. 

I t  is  a p p a re n t  th a t s e a t b e lts  a re  a  m a jo r  i n ju ry  

r e d u c in g  c o u n te r m e a s u re th a t  p r e ve n ts 

e je c tio n , a n d  r e str a in s  v io le n t o c c u p a n t  m o tio n 

d u rin g  a  r o llo v e r.  H o w e v e r ,  fa ta li t ie s  a n d 

s e rio u s  inju rie s s ti l l  o c c u r  to  b e l te d  o c c u p a n t s .  

N A S S  d a ta b a s e  e s tim a t e s  th a t  th e r e  a re  a b o u t  

1 5 0 0  s e r io u s l y  in j u r e d , u n e j e c t ed , re str a in e d 

o c c u p a n ts  in  r o llo v e r a c c id e n ts , a n n u a lly  [3 ]. 

A l th o u g h  h ig h e r  se a t b e lt  u s a g e  re d u c e s  th e  

ris k  o f  se ve re  in ju r ie s  in  r o llo v e rs  b y  p r e ve n tin g  

e j e c ti o n s , i t  is a ls o  in c re a s in g ly  im p o r t an t  to 

d e te r m in e  th e  s ig n if ic a n c e  o f r o o f  in tr u sio n  in 

i n ju ry  c a u s a tio n  s in c e  o c c u p a n t h e a d  in ju r ie s  

c o n tin u e  to  o c c u r  in  m a n y  c r a s h e s ,  e s p e c i a l ly  i n  

r o llo v e r a c c id e n ts .  It  is  s u rm i s e d  th a t o n e  of  th e 

r e a so n s  fo r  th is  m a y  b e  ro o f  in tr u sio n  in to  th e  

p a s s e n g e r c o m p a r tm e n t  w h e r e  th e  o c c u p a n t  is 

s e a te d .  

T h e r e  a r e s e v e ra l p o s s ib le  m e t h o d s  o f r e d u cin g  

r o llo v e r r e la t e d  s e r io u s  in j u ri e s  a n d  f a ta l it ie s ,  

e .g .,  im p r o v e d  w i n d o w  g la z in g , p r e ve n tin g  

d o o r s f ro m  o p e n i n g ,  b e t te r  r e s tr a in t  s y s te m  s ,  

a n d  p o s s i b ly im p r o v e d  r o o f  c ru s h  r e s i s ta n c e .  

T h e  f ir st  th r e e  a d d re s s  e je c tio n  p r e ve n tio n  in 

r o llo v e r a c c id e n ts , w h i c h  is  p r e d o m  i n a n t ly  a  

p r o b le m  fo r  u n b e lte d  o c c u p a n ts .  R e s t ra in t  

s y s te m s  h e lp  to  p r e ve n t e je c tio n  a n d  p re v e n t  

o c c u p a n ts  fr o m  b e in g  to s s e d  a ro u n d  in  th e  

v e h i c le  c o m p a r tm e n t  d u rin g  a  r o llo v e r c ra s h .  

I m p r o v e d  b e lt  r e str a in ts  (e .g .  b e lt p r e -te n s io n e r s  

a n d  i n te g r a t e d  s e a t  b e lt s )  c o u l d  b e n e f it  th o s e  

b e lte d  o c c u p a n ts  b y  p re v e n tin g  th e m  f ro m  

i m p a c t i ng  v a r io u s  in te r io r  co m p o n e n t s ; 

h o w e v e r ,  th e y  c o u ld s t i l l  b e  in ju r e d  d u e  to 

e x c e s s i v e  r o o f  in tr u sio n , e v e n  w h e n  t he y  a re 

h e ld  u p r ig h t  in  th e ir  se a ts .  O n e  p r e v io u s  

ro l lo ve r  a c c id e n t d a ta  a n a ly s is  w a s  u n a b le  to 

a s c e rta in  th e  s ig n if ic a n c e  o f r o o f  in tr u sio n  o n  
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in j u r ie s  in  ro llo v er  a c cid e n ts  u sin g  th e  N A S S  

d a ta  [2 ] .  I t  w a s  f o u n d  in  th a t s tu d y  th a t w h i le 

th e r e w e r e  ro o f  in tr u sio n  in ju r ie s ,  th e r e  w  e r e  

a l s o  in ju r ie s  ju s t a s  s e v e re fr o m  o th e r  

c o m p o n e n t s .  It  w a s  t h e re fo r e  co n c lu d e d  th a t  

o v e ra l l  in ju r y s e v e rity  m a y  s t il l  n o t b e  r e d u ce d  

b y  e l im in a tin g th o s e  in ju r ie s  c a u s e d  b y r o o f  

in tr u sio n .  

O c c u p a n t h e a d  i n j u ri e s  d o  o c c u r  fr o m  c o n  t a c ts 

a g a i n s t  m an y  u pp er  in te r io r  c o m p o n e n t s  in 

ro l lo v e r  a c c id e n ts ; h o w e v e r ,  it  is  n o t c le a r  

w h e t h e r r o o f  c ru s h  i n c re a s e s  th e  lik e lih o o d  o f  

h e a d  i n ju r y .  A  s t u d y  b y  B a h lin g  e t a l. [4 ] in 

w h i c h  i n v e rt e d  d r o p  te s t s  o f a  v e h ic le  w i th  a  

b el te d  d u m m  y  w e r e  c o n d u cte d  s h o w e d  tha t 

p e a k  n e c k  lo a d s  o c c u rr e d  b e fo r e  th e  ro o f 

in tr u d e d  in to  th e  p a s s e n g e r c o m p a r tm e n t .  T h is 

s u g g e s t s  th a t n e c k  lo a d s  a r e  n o t d e p e n d e n t o n  

r o o f  in tr u sio n , b u t m a y  b e  m o r e  a  fu n c tio n  of  th e 

re str a in t s y s te m  w h i c h  fa ile d  to  h o ld  th e  d u m m  y 

in  th e  s e a t,  a n d  th e  v e l o c i ty  o f  h e a d  c o n t a c t  

a g a i n s t  th e  in tr u d in g  r o o f.  A d d i tio n a l  te s ts  u s in g  

a  r o llo v e r d o lly  a ls o  s h o w e d  th a t  th e  p e a k  n e c k  

lo a d  o n  th e  d u m m  y  o c c u rr e d  p rio r  to  ro o f 

d e fo rm a tio n .  F r ie d m a n  [ 5 ]  h a s  s ta te d  th a t 

r e p o rts  s u c h  a s  th e s e  d o  n o t c o n s id e r  a ll  th e  

m a j o r  fa c to r s  th a t  a f fe c t h e a d  in ju r y ( e .g .  

i m p a c t s  w h e r e  g r o u n d  c o n t a c t  a n d  h e a d  c o n t a c t  

o c c u r a l m o s t  s im u l ta n e o u  s l y ). In  a d d it io n , a n  

a n a l y s is  o f r o llo v e r a c c id e n t d a ta  fr o m  th e  

N A S S  19 82 -19 83  da ta  f i l es  b y F r ie d m a n  

s h o w e d  th a t  th e  in ju r y r is k  in  r o llo v e r a c c id e n ts 

in c re a s e d  d r a m a tic a lly  w h e n  in tr u sio n  in  th e  

pr ox im ity  o f  th e  o c c u p a n t e x c e e d s  a  C o ll isio n 

D e f o rm a t io n  C l a s sif ic a tio n  ( C D C )  e x te n t o f  3 . 

F u r th e r m o r e , h e  a lso r e p o rte d th a t  in c o rp o r a tin g  

s tr o n g e r r o o f d e s ig n s  a n d  b e lt  p r e -te n s io n in g  in 

a  3 - D  ro llo v e r  s im u l a t io n  o f a  r o llo v e r a c c id e n t  

r e su lte d  in s ig n if ic a n t r e d u ct io n  o f n e c k 

c o m p r e s s io n  lo a d in g .  A n o t h e r s tu d y  b y  D ig g e s  

a n d  K l is c h  [6 ] e x a m i n e d  1 6 1  ro llo v e r c a s e s f rom 

the  N A S S  d a t a  fo r  1 9 8 8 -1 9 8 9 .  W h e n  C D C  

e x te n t v a lu e s  a p p ro a c h e d  4  o r 5 , 5  p e r ce n t  o f  

n o n - e je c te d  o c c u p a n ts  w e r e  fa ta li t ie s ; h o w e v e r ,  

w h e n  C D C  e x te n t v a lu e s  w e r e  6  o r 7 ,  2 0 

p e r ce n t o f t h e  o c c u p a n t s  r e c e iv e d  f a t a l i n ju r ie s .  

T h is  le d  th e s e  re s e a rc h e rs  to  c o n c lu d e  th a t  

th e r e  is  a  c o rr e la t io n  b e tw e e n  r o o f c ru s h  a n d  

fata l i ty  ra te.  

T h e  p u r p o se  o f th is  p a p e r  is  to  fu r th e r  e xa m i n e  

the  c o rr e la t io n  b e tw e e n  r o o f  in tr u sio n  a n d  h e a d  

in ju ry .  In  th is  p a p e r,  th e  te r m  h e a d in ju ry  

in c lu d e s  in ju r y  to  th e  h e a d ,  fa c e , o r  n e ck  o f  a n 

o c c u p a n t  in v o lv e d  in  r o llo v e r  c ra s h e s . F o r  th is 

a n a l y s is ,  in te r io r  h e a d ro o m  i s  u s e d  as a 

su rro ga te fo r  a bs olu te  ro of c ru sh  to a ss es s th e 

p o te n tia l for  h e a d  i n j u ry .  T h is  s tu d y  is  lim i te d  to 

b e lte d , n o n - e je c te d  o c c u p a n ts  to  fo c u s  o n  th e  

e f fe c t  o f r o o f  in tr u sio n  o n  h e a d  in ju ry  c a u s a tio n .  

P r e v io u s  p u b lis h e d  s tu d ie s  e x a m i ne d  d id  n o t  

in v e s tig a te  r o ll o v e r  a c c i d e n t s  w ith  b e lte d  

o c c u p a n ts  to  a s s e s s  th e  r o le  o f h e a d r o o m  

r e d u c t io n  i n  in c r e a s i n g  h e a d  i n ju r ie s .  

F o r  th e  p u r p o se s  o f  th is  p a p e r, h e a d r o o m  is 

d e fin e d  a s  th e  p r e - o r  p o s t - c ra s h  i n te r io r  s p a c e  

m e a s u r e d  ve rt ic a lly  b e tw e e n  t h e  to p  o f  th e  

o c c u p a n t’s  h e a d  a n d  th e  r o o f.  T h e  c h a n g e  in 

the  p r e - c ra s h  h e a d r o o m  i s  de f in e d  a s  th e  

h e a d r o o m  r e d u ct io n .  T h is  s tu d y  te s ts  th e  

h y p o t h e s i s  t h a t h e a d  i n j u ry  i s  re la te d  to  th e  

in tru sio n  i n to  t h e  c o m p a r t m e n t ,  th u s  re d u c in g  

the  init ia l he a d ro o m . If th is  h y p o t h e s i s  is  v a lid ,  

i t  is  e x p e c t e d  t h a t a  c o r r e la t io n  w o u l d  e x i s t  

b e tw e e n  th e  s e v e rity  o f  in tr u sio n  a n d  th e  

p o t e n t ia l  fo r  h e a d  i n ju r y .  

INJURY CAUSATION TO BELTED OCCUPANTS IN 

ROLLOVER ACCIDENTS 

H e a d  inju r ie s  o f b e lte d  o c c u p a n ts  in  r o llo v e r  

a c c id e n ts  m a y  b e  p r e d o m i n a n tly  c a u s e d  b y r o o f  

intr u s io n  o v e r a  s e a te d  o c c u p a n t,  v e rt ic a l  

o c c u p a n t e x c u r s io n  ( d i v in g )  a n d  e xc u rs io n  

v e l o c it y , o r  a  co m b i n a t io n  o f  t h e s e  fa c t o r s .  

R o l lo v e r c ra s h  s e v e rity  m a y  a l so  b e  in d ic a te d  

b y  a ll  o f  th e  a b o v e  p a r a m e te r s .  A s  c r a s h  

se ve r i t y  in c re a s e s ,  it  is  e x p e c te d  th a t r o o f  

intr u s io n  w o u l d  in c r e a s e ,  a n d  f o r c e s  th a t  a c t  

a g a i n s t  th e  b e lt  r e str a in ts  in  r o ll o v e r s  w o u  l d  a ls o  

in c re a s e .  W h ile  m a g n i tu d e  o f r oo f  c ru s h  is 

c o d e d  in  th e  N A S S  d a ta ,  b e lt  s la c k  is  n o t. 

M o r e o v e r,  th e r e  a re  n o t a n y  w i d e ly  a c c e p te d  

c r a s h  s e v e rity  m e a s u r e s  u se d  in in v e s tig a tin g  

ro l lo v e r  a c c id e n ts .  T h is  p o s e s  a  p ro b le m  i n  

a n a ly z in g  th e  d a ta , s in c e  a n y  c o rr e la t io n  o f  

in c re a s e d  r o o f  in tr u sio n  to  in ju r y c a u s a tio n  

c o u ld  b e  in te r p re te d  a s  d u e  to  a n  in c re a s e  in 

c r a s h  s e v e r it y .  

In  in v e s tig a tin g  o th e r  p la n a r  co ll is io n s  (e .g . s id e  

a n d  f ron ta l ) ,  c ras h  se ve r i t y  is  e s tim a t e d  b y  d e lta 

v ,  w h i c h  i s  th e  c h a n  g e  i n  v e l o c ity  o f  a  v e h i c le 

d u r in g  th e  a c c id e n t.  I t  i s  c a lc u l a te d  b y  a  

c o m p u t e r a lg o r ith m  w  h ic h  re - co n s tr u cts  the 

c ra s h e s  u s in g  v e h ic le  s tif fn e s s  e s tim a t e s  a n d 

sta t ic  c ru s h  m e a s u r e m e n t s o n  th e  v e h ic le s  

in v o lv e d  in th e  a c c id e n t.  T h e s e  d e lta -v 

e s tim a t e s  h a v e  b e e  n u s e d  e x t e n s i v e l y  in 

e stim a tin g  c r a s h  s e v e rity  le v e ls  th a t co rre late  to 

s e rio u s  in ju r ie s  in  fr o n ta l a n d  s id e  im p  a c t  

a c c i d e n t s .  S e v e ra l  fa c to r s h a m p e r  th e  

d e v e lo p m e n t  o f  s im i la r  c r a s h  s e v e r i ty  in d ic e s  

for  r o ll o v e r  c r a s h e s .  Fir st ,  r o llo v e r a c c id e n ts  a re 

n o n - p la n a r , re su l t ing  in fo rce s th at  a c t  in  s e v e ra l  

d i re ct io n s  o n  th e  b o d y  o f  th e  v e h ic le  a n d  th e  

o c c u p a n t d u r in g  th e  c ra s h .  S i n ce  e a c h  ro llo v e r  
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e v e n t  r e s u lt s  in  a  u n i q u e  v e h i c l e  t ra jec to ry ,  the 

d ire ctio n  a n d  m a g n itu d e  o f  th e  tr a n sfe r re d  

f o rc e s  to  t he  ca se  ve h ic le  an d  o ccu pa n t  a re  

d i f fe re n t  fo r  e a ch  r o llo v e r a c c id e n t.  In  a d d it io n ,  

r o llo v e rs  s o m e t im e s  i nv o lv e  m u l ti p le  c o n t a c t s  

a g a i n s t  th e  g r o u n d  o f th e c a s e  v e h ic le ,  

d e p e n d in g  o n  th e  n u m b e r  o f r o l ls . V e h i c le 

m o m e n t o f ine rt ia,  in i t ia l  ro l l  rate , r o ta t io n a l a n d  

tra n sla tio n a l a c c e l e r a ti o n s , a ir b o rn e  h e ig h t e t c ., 

c o n tr ib u te  to  th e  fo r ce s  a n d  e n e r g y  im p a r t ed  b y  

the  v e h ic le  to  th e  o c c u p a n t a n d  th e  e n e r g y  

d is s ip a te d  i n  th e  v e h ic le .  W h e n  th e s e  fo r ce s  

i n te r a c t w i th  th e  g r o u n d , e n e r g y  is  a b s o rb e d  b y  

the  v e h ic le  b o d y , e x c e p t fo r a  sm a ll po rt io n 

w h i c h  is  d is s ip a te d  b e c a u s e  o f  f r ic tio n .  S o m  e 

k in e tic  e n e r g y  is  u s e d  u p  in  th e  m o t io n  of  th e 

v e h i c le  a n d  t h e  r e m a i n in g  i s  tr a n s fe r re d  to th e 

o c c u p a n t.  T h e  n u  m b e r  o f  q u a r te r  tu r n s  in  t h e s e  

c ra s h e s  c o u ld  s e rv e  a s  a  s u rr o g a te f o r  the 

c h a n g e  in  v e h ic le  k in e tic  e n e rg y , a n d  th e r e fo r e ,  

c o u ld  p ro v i d e  a c r u d e  e s t im a t e  o f  c ra s h  

s e v e r i ty .  

B e l t s la c k  is  d e p e n d e n t  o n  h o w  t h e  o c cu p a n t  

w a s  w e a  r in g  t h e  b e l t,  a n d  o n  t h e  e x a c t  

d y n a m  i c s o f  th e  c ra s h .  T h e  o c c u p a n t c o u ld  b e  

w e a rin g  th e  b e lt  lo o s e ly  b e fo r e  th e  a c c id e n t , 

a n d  th e  b e lt  m a y  s t re tc h  e v e n  fu r th e r  d u rin g  the 

e v e n t.  M o re o ve r, i t  is  h y p o th e s iz e d  th a t in e rt ia l 

lo c k in g  re tra cto rs  m a y lo ck /u n lo c k d u r in g th e  r o ll 

re su lt in g  in  a d d it io n a l b e lt  s la c k.  T h e  N A S S  

d a ta  o n l y  p ro v id e s  in fo r m a t io n  to  in d ic a te 

w h e t h e r  th e  b e lt  w a s  p r o p e rly  w o r n .  B e l t s l a c k ,  

a n d  th e  s u b s e q u e n t a m o u n t  o f v e rt ic a l  

e x c u rs io n  th e  o c c u p a n t m a y  h a v e  h a d  d u r in g  

r o llo v e r,  c a n  n o t  b e  d e te r m in e d ; a n d , e v e n  if  i t 

is ,  th e  t im i n g  o f w h e n  t h e  o c cu p a n t c o n ta c te d  

the  r o o f d u r in g  th e  e v e n t  is  u n -r e co v e ra b le  f rom 

a c c id e n t d a ta .  C o n s e q u e n t ly ,  th e  o c c u p a n t  

t ra v e l  of f  th e  s e a t  to w a r d s  th e  r o o f ( d iv e ),  a n d  

the  v e lo c ity  o f h e a d  im p a c t  a g a in s t  th e  r o o f, 

d u r in g  r o llo v e r c ra s h e s  a re  u n k n o w n  in  th  e 

a c c id e n t d a ta .  C o m  p lic a tin g  m a t te r s,  it  c a n n o t  

b e  d e te r m in e d  fr o m  a v a ila b le  d a ta  w h e t h e r  th e  

o c c u p a n t h it  th e  r o o f b e fo re  o r  a fte r  th e  r o o f  

b e g a n  d e fo r m in g .  M o r e o v e r,  th e  m e a s u r e d  r o o f  

in tru sio n  r e p o rte d  in  th e  a c c id e n t  d a ta  is th e 

sta t ic  d e fo r m a t io n  o n ly ,  th a t  is  a lw a y s  le s s  th a n  

the  d y n a m  i c  d e fo r m a t i o n ,  w h i c h  d e p e n d s  o n  the 

r o o f r e st itu t io n  c h a ra c te r is tic s .  T h is  p a p e r h a s  

a ls o  a tte m p t e d  to  r e s o lv e  s o m  e  o f  th e  c o n f l ic t s  

in tr o d u ce d  b y  th e s e  v a r ia b le s  in  a n a ly z in g  

r o llo v e r ac c ide n ts  to  un de rs tan d  th e  h ea d  in ju ry  

m e c h a n i s m  i n  th e s e  c r a s h e s .  

N A S S  D A T A  A N A L Y S IS -  T h e N A S S ,  a n d  m o r e  

s p e c i fi c a ll y , th e  C r a s h w o r th in e s s  D a ta  S y s te m  

(C D S ) , w a s  u s e d  to  a n a ly z e  ro llo v e r c a s e s f rom 

1 9 8 8  - 1 9 9 2 . A  su b se t o f ro l lo ve r a cc id e n t 

c a s e s  w e r e  re tr ie v e d  fr o m  th e  d a ta b a s e  a fte r  

e l im in a tin g  the  c a s e s  th a t a r e  a ffe c te d  b y  

e x tr a n e o u s  fa c to r s, s u c h  a s  e je c tio n , m u l tip le 

c r a s h  m o d e s ,  a n d  u n b e l te d  o c c u p a n ts . A 

S ta tist ic a l A n a l ys is  S y s te m  ( S A S )  p ro g r a m  w a s  

w ri t ten  to  r e tr ie v e  th e  c a s e s o f  in te r e st  th a t m e t  

th e  fo l lo w in g  cr ite ria : 

!  R o l lo v e r a c c i d e n t s  o f a t  le a s t  2  q u a r te r  tu r n s  

a r e  i n c lu d e d  so  tha t  thos e  c as es  w he re  th e re  

w e r e  r o o f c o n ta c ts  a g a in s t  the  g r o u n d  ar e  

c o n s id e r e d .  

!  O n l y  s i n g le  v e h i c le  c r a s h e s  w h e r e  r oo f  

c o n t a c t s a g a i n s t  th e  g r o u n d  o  c c u r r e d  a r e  

in c lu d e d ;  th is  e lim i n a te s  a ll  c a s e s  in v o lv in g  

o th e r  cr a sh  m o d e s ( e .g . fro n ta l a n d  s id e )  

in c lu d in g  f ix e d  o b j e c t  c ra s h e s  ( tr e e s,  te le p h o n e  

po  les ,  e  t c . ) .  

!  O c c u p  a n t ( s ) w e r e  re p o r te d  to  b e  w e a r in g  lap 

a n d  s h o u ld e r  b e lts  in  th e  d r iv e r a n d /o r  rig h t  fr o n t  

p a s s e n g  e r  s e a t in g  p o s i t io n s .  

!  In  th e  d a ta  a n a ly z e d , on ly  n o n -e je c te d  

o c c u p a n ts  a re  co ns ide re d .  T h is  e lim i n a te d  

o c c u p a n t  in ju r ie s  w h i ch  m a y  h a v e  r e su lte d  fr o m  

s o u rc e s  o u ts id e  th e  v e h ic le .  

! O c c u p a n ts  w i th  c o n ta c t  in ju r ie s  th a t d id  n o t  

o r ig in a te  fr o m  th e  u p p e r  in t e r io r  o f  th e  v e h i c l e  

a r e  e xc lu d e d .  

T h e  d a ta  a n a ly z e d  c o n sis te d  o f 2 2 0  o c c u p a n ts 

f i t t in g  th e  a b o v e  c rite r ia .  S i n ce  th e  e le c tro n ic 

d a t a b a s e  d o e s  n o t r e co r d  e xa c t v a lu e s  o f r o o f  

in tru sio n (ex ce pt a s a  ra ng e) ,  ro l lov er  qu ar ter 

tu rn s  ( ro l l ove rs  g r e a te r  th a n  3  q u a r te r  tu r n s a r e  

c o d e d  a s  4 ),  a n d  ro l l  d ir e ct io n  ( n o t  in c lu d e d  in 

th is  da ta  b e fo re  1 99 2) ,  the  ha rdc op y  re po r ts 

w e r e  e x a m i n e d  to  o b ta in  th e  n e c e s s a ry  d e ta ile d  

in fo rm a tio n  for  the  a n a l y s is .  T h e  d a ta  r e tr ie v e d  

in c lu d e d  in fo r m a t io n  o n  th e  a c c id e n t,  th e  

o c c u p a n t,  a n d  th e  c a s e  v e h i c l e c h a r a c t e ri s ti c s .  

T h e  d a ta  w e r e  us ed  to c re ate  an  ele ctro nic  da ta 

f i le  fo r  th e  r o llo v e r c a s e s  in v e s tig a te d .  

U n k n o w n  o c c u p a n t s iz e s  a n d  v e h i c le 

s p e c if ic a tio n s  o f o ld e r  m o d e l y e a r v e h ic le s  

p r e ve n te d  d e te r m in a tio n  o f h e a d r o o m  fo r  a ll  the 

c a s e s .  O f  th e  2 2 0  r ol lo v e r o c c u p a n ts 

c o n s id e r e d , 3 2  o c c u p a n t  h e ig h ts w e r e 

u n k n o w n ,  a n d  v e h i c le h e a d r o o m  in fo r m a t io n  fo r  

a n  a d d it io n a l 2 0  o c c u pa n ts  c o u ld  n o t b e  

d e te r m in e d  w i th  a n y  d e g re e  o f c o n fid e n c e .  

T h e r e  w e r e  a ls o  1 3  o c c u p a n ts  w i th  in ju r ies  f rom 

the  r o o f,  b u t n o t  to  th e  h e a d .  T h e s e  1 3  c a s e s  

w e r e  e x c l u d e d  f r o m  t h e  a n a l y s i s . 

C o n  s e q u e n  t ly ,  the  d a ta  s e t w a s  r e d u c e d  to  th a t  

p e r ta in in g  to  1 5 5  o c c u p a n ts , w i th  c o m p l e te 

in fo rm a tio n  s u ff ic ie n t  to m a k e  h e a d ro o m  
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F ig u r e  1 .  S i d e  vie w  o f  c a r w i th  o c c u p a n t  

s h o w i n g  h ea d r o o m .  

c o m  p a r i s o n s .  

H E A  D R O O M  D E T  E R M IN A T  IO N  P R O C E D U R  E 

- R o o f  int ru sio n  in to  th e  o c c u p a n t c o m p a r tm e n t  

in  a  r o llo v e r c ra s h  re d u c e s  th e  a m  o u n t  o f  s p a c e  

b e tw e e n  th e  o c c u p a n t’s  h e a d  a n d  th e  r o o f.  T h e  

N A S S  d i v id e s  th e  fr o n t s e a t  in to  th r e e  se a tin g  

a r e a s ;  d r iv e r, r ig h t fro n t p a ss e n g e r, a n d  m id d le 

p a s s e n g e r.  M a x i m u m  r o o f  in t ru s i o n  in  e a c h  

a r e a i s  re c o r d e d  i n  t h e  h a r d c o p y  f ile .  R o o  f 

in tru sio n  w a s  o v e r  th e  h e a d  o f  e a c h  b e lte d  

o c c u p a  n t  in  th e  ro llo v e r c a s es  a n a ly z e d.  T o  

m a k e  h e a d r o om c o m p a r is o n s  fr o m  th e  d a ta ,  

in tru sio n  in  th e  fr o n t o u tb o a r d s e a tin g  p o s it io n s  

h a d  to  b e  o b ta in e d  fo r e a ch  ca se . h e  fo l lo w in g 

p ro  ce  du  re  w a s  d e v e lo p e d  fo r  d e te r m in in g  th e  

h e a d r o o m  in  th e  v e h ic le s  in v o lv e d .  

F i rst ,  v e h ic le  m a k e ,  m  o d e l  a n d  y e a r  o f  e a c h  

r o llo v e r c a s  e  u s e d  n d  

s p e c if ic a tio n s  fr o m  th e  A m  e r ic a n  A u to m o b i le 

M a n u f a c  tu  re rs  A s s o c i a t io n  ( A A M  A )  m  a n u a l s .  

A d d i tio n a l ly,  in - h o u se  a n d  

fo r e ig n  m a n u f a c tu r e rs  s p e c if ic a tio n s  w e r e  a l s o  

u s e d .  F r o m  th e s e  s o u rc e s , v e h ic le  h e ig h t  

( h 1 0 1 ), h - p o in t h e ig h t ( h ip - p o in t o f  o c  c u p a n t  

fr o m  s id e  v ie w ) , a n d  s e a tb a c k  a n g le  ( F ig u r e  1 )  

w e r e  o b ta in e d  a n d  a d d e d  to  th e  f i le  f o r  e a c h  

c a s e  v e h ic le .  F o llo w i  n g h is ,  th e  

d im e n s i o n s  fo r  th e  H y b r id  II I  d u m m  y  w e r e  

o b ta in e d  s o  th a t  th e  o c c u p a n t c o u ld  b e  s c a le d  

to  th e  c o rr e ct s e a tin g  h e ig h ts  in the  v e h ic le .  

T h e  H y b r id  II I  s ta n d in g  h e ig h t is  1 7 2 c m .  o m  

h - p o in t to  th e  to p  o f  th e  d u m  m y ’ s  h e a d  i s  8 3 c m ,  

o r  r o u g h l y  o n e - h a l f ( 0 .4 8 3 )  o f  th e  s t  a n d in g 

h e ig h t .  T h is  fr a ct io n  w a s  a s s u m e d  t o  b e  th e 

s a m  e  fo  r  h e ig h t s  o f  d if fe r e n t  o c c u p a n t s , s i n c e  

n o  b e tte r  m e th o d s  w e r e  a v a ila b le  to  d e te r m in e  

o c c u p a n t s i tt in g  h e i g h t s  in  t h e  c a s e  v e h i c le s .  

T h e r e fo r e , r o u g h l y  o n e - h a l f o f  th e  o c c u  p a n t  

h e ig h t w a s  u s e d  a s  th e  m e a s u r e m e n t  f rom  the 

h - p o in t  to  th e  to p  o f  th e  h e a d .  

W ith  th e s e  m e a s u r e m e n t s, a n  e q u a tio n  w a s  

d e v e lo p e d  to  d e te r m in e  th e  n o m i n a l h e a d r o o m  

(p re -cr  as h) : 

w h e r e ,  

h r  =  a v a ila b le  h e a d r o o m  fo r  its  o c c u p a n t  

in  th e  c a s e  v e h ic le ,  

h 1 0 1  =  h e ig h t o f v e h ic le  r o o f e x te r io r  

f ro m  the g r o u n d ,  

H pt =  H - p o in t h e ig h t  fr o m  th e  g r o u n d ,  

O hgt  =  s ta n d in g  h e ig h t o f o c c u p a n t, 

� =  s e a t b a c k  a n g le , a n d  

R h =  O c c u p a n t’s  b o d y  e n g th 

m e a s u r e d  fr o m  h - p o  in  t  t o  t  h e  t  o p  o f  th  e 

h e a d  e x p  r e s s e d  

fra ct io n o f  th e  a n d in g  

h e ig h t. 

In t h e  f ir st  p a r t o f  th e  e q u a tio n , h - p o in t h e ig h t  

f rom  th e  g r o u n d  is  s u b tr a cte d  fr o m  th e  v e h i c l e  

h e ig h t ( h 1 0 1 )  to  g e t  a  m e a s u r e m e n t  fr o m  th e  h -

p o in t to th e  to p  o f  th e  r o o f.  A n  a d  d i ti o n a l 2 . 5 c m  

is  s u b tr a cte d  to  a d ju s t  fo r  th e  d is ta n c e  fr o m  th e  

v e h ic le  to p  to  th e  in te r io r  l i n in  g  o  f  the  ro  o f  o v e r  

th e  o c c u p a n ts  h e a d .  T h is  g iv e s  a p p r o xim a t e ly 

the  a v a ila b le  h e a d r o o m  a s  m e a s u r e d  fr o m  th e  

h - p o in t to  th e  ro o f in te r io r . s v a lu e  is  th e n  

a d  ju s te d  to  a c c o u n t  fo r  a n  o cc u p a n t  le a n in g 

a g a i n s t t h e  s e a t , b y  s u b t r a c ti n g  a  c o  r re c t  io n 

fa c to r .  Th is c or re ct io n fa cto r  is  c a lc u la te d  b y  

m u lt ip lyin g  th e  to ta l h e ig h t o f  th e  o c c u p a n t b y  

the  fra ct io n  R h m u l tip l ie d  b y  th e  c o s in e  o f  th e  

s e a t b a c k  a n g le �.  T h u s  th e  in it ia l h e a d r o o m  is 

c a lc u la te d  f r  o m  t h e  a b o v e  e q u  a t io n  f o r  e a c h  

c a s e  v e h ic le .  

T o  c a lc u la te  th e  p o s t- cr a sh  h e a d r o o m  o v e r  th e  

o c c u p a n t c o m p a r tm e n t  a re a ,  th e  a m o u n t  o f r o o f  

in tru sio n  r e p o rte d  in  th e  a c c id e n t d a ta  w a s  

s u b t r a c te d  fr o m  th e  o r ig in a l r o o f h e ig h t ( h 1 0 1 )  

a s  o b  ta in e d  fr o m  th e  v e h ic le  d a ta .  T h is  v a lu e  

w a s  s u b s  t i t u te d  i n  th e  a b o  v e  e q u a  t io n  i n  p l a c e  

o f  h 1 0 1  to  c o m p u t e  th e  p o s t- cr a sh  h e a d r o o m .  

I f  th e  r o o f  in tr u d e d  to  a  h e ig h t  b e lo w  t h e  to p  o f  

the  h e a d ,  th e  c a lc u la te d  h e a d r o o m  is  n e g a tiv e .  

In  th e  fo llo w in g  a  n a ly s is  it  is  a s s u m e d  th a t  th e  

r o o f  in tr u sio n  in to  th e  p a s s e n g e r c o m  p a r tm e n t  

a b o v e  th e  o c  c u p a  n t s e a t  is  u n ifo r m ,  e v e n  

T 

w a s f it o  v e h i c l e  

m e a s u r e m e n t s ,

t b o d y  

F r

u p p e r l

a a s  

s t

T h i
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F ig u r e  2 b .  S h i ft  o f h e a d r o o m  d u e  to

d y n a m i c  e ff e c ts .

F i g u r e  2 a .   o t  o f p r e - c ra s h  h e a d r o o m  v s .

P o s t -c ra s h  h e a d ro o m .

th o u g h  i t  is  re c o g n iz e d  th a t in  r e a l- w o rld

c ra s h e s , it  m a y  n o t  lik e ly  b e  th e  c a s e .

RESULTS

H E A D R O O M  A N A L Y S IS  -  F ig u re  2a  sh o w s  a

p lo t o f  p r e -c r a s h  h e a d r o o m  a g a i n s t  p o s t- c ra s h

h e a d r o o m  fo r  a ll  th e  r o llo v e r c a s e s  a n a ly z e d .

T h e  p o s t- cr a sh  h e a d r o o m  g iv e n  o n  t h e  x - a x i s

re pr es en ts  th e  s p a c e  a v a ila b le  o v e r th e  h e a d  o f

the  o c c u p a n t a ft e r  th e  c ra s h .  T h e  n u m b e r s  to

the  r igh t  of  th e  z e ro  in d ic a te  th a t t h e r e  is  s p a c e

a v a ila b le  b e tw e e n  t h e  ro o f in te r io r  a n d th e  top

o f th e  h e a d  o f th e  o c c u p a n t,  w h i le  th e  n u m b e r s

to  th e  le ft  in d ic a te  th a t th e  r o o f h a s  c o lla p s e d  to

a  l e v e l b e l o w  t h e  t o p  o f  th e  o c c u p a n t ’s  h e a d .

T h e  d ia g o n a l l in e  p a s s in g  th r o u g h  ze r o  is a  l ine

o f n o  in tr u sio n  in to  th e  c o m p a r tm e n t .  O t h e r

d ia g o n a l l in e s  to  th e  le ft  a r e  lin e s  o f c o n s ta n t

r o o f in tr u sio n  in to  th e  c o m p a r tm e n t .

T h e  s ta tu s  o f in ju re d /u n in ju r e d  fo r  th e  1 5 5

o c c u p a n ts  a r e  p re s e n te d  in  F ig u r e  2 a .  T h e  d a ta

p e r ta in  to  v e rs  r ig h t fr o n t s e a t

p a s s e n g e r s .  T h e  A I S  le v e ls  o f th e  h e a d  in ju r ie s

r a n g e d f rom  A IS  1  to  A I S  6 .  S i n ce  th e r e  a re  n o t

e n o u g h  c a se s fo r b re ak ing  the m  do w n b y A IS

l e v e ls ,  th e  d a ta  a r e  p re s e n te d  a s  a g g re g a te s  o f

in ju re d  a n d  u n in ju r ed  o c c u p a n ts .  T h e  in ju r e d

o c c u p a n t g r o u p  in c lu d e s  o n ly   s  w h o

r e ce iv e d  h e a d  in ju ry f r om  the  ro of.   he

u n in ju red  o c c u p a n t  o u p  h o s e

o c c u p a n ts  w i t h  n o  in j u r y  f ro m  t h e  r o o f.   s

o n  th e  " n o  in tr u sio n "  d ia g o n a l l in e  r e p re s e n t

o c c u p a n ts  w h o  h a d  n o  m e a s u r e d  ro o f in tru sio n

o v e r the i r  h e a d , i.e .,  th e  p o s t- cr a sh  h e a d r o o m

r e m a in e d  the  s a m e  a s  t h e  p r e - c ra s h  h e a d r o o m .

 

O f the  1 5 5  o c c u p a n ts , 3 5  ( 9 3 7 9 w e i g h te d )  h a d

h e a d  in ju r ie s  w h i le  th e  r e m a in in g  1 2 0  ( 10 5 4 8 0

w e i gh te d )  d i d  n o t  re c e i v e  a n y  h e a d  i n ju r ie s .

T h ir ty -e ig h t p e r ce n t o f th e  u n in ju r e d  o cc u p a n ts

a re  s h o w n  o n  t h e " n o  in tr u sio n "  lin e  c o m p a r e d

to  o n ly  1 4  p e rc e n t o f th e  in ju re d  o c cu p a nts .  A s

m e n t io n e d  p r e v io u s l y , th e  d ia g o n a l l in e s  to th e

lef t  o f th e  “ n o  in tr u sio n ”  lin e  in d ic a te  lin e s  o f

in c re a s in g  in tr u sio n .  T h e  to ta l de fle ctio n  of  th e

r o o f fo r  a n y init ia l (p re -c ra sh ) h e a d ro o m  lev e l is

o b ta in e d  b y  s u b t r a c ti n g  th e  v a l u e  o f  th e  p o s t -

c r a s h  h e a d r o o m  a s  in d ic a te d  b y  th e  v e rt ic a l

l in e s  o n  t h e  x - a x i s .  T h e  p o in t o f in te r se c tio n  o f

the  tw o  l in e s  fa lls  o n  th e  lin e s  o f c o n s t a n t

in tr u sio n .  Fo r  ex am p le ,  the  to ta l  de f lec t ion  fo r  a

c a s e  m a r k e d  as  (A)  i n  F ig u re  2a , w h e r e  th e  p r e -

c r a s h  h e a d r o o m  i s  5 c m ,  a n d  t h e  p o s t -c r a s h

he ad ro om  is -1 5c m ,  0c m  (5 -(-1 5) ) .   

M o s t  c a s e s  w i th  h e a d  i n ju r y  lie  b e tw e e n  0  a n d

3 0 c m  r o o f d e fle c tio n .  T h e  r e g io n  la b e le d  as  (B)

i n  F ig u r e  2 a  r e p r e s e n t s  th o s e  c a s e s w h e r e  th e

h e a d r o o m  w a s  re d u c e d  to  b e lo w  z e r o .  T h e

r e g io n  o u ts ide  th i s  e nv e lo pe ,  l abe led  as  (C )

r e p re s e n t th e  a r e a w h e r e  th e r e  is  s o m e

h e a d r o o m  av a i lab le  r  th e  c ra sh .  y

a g g r e g a tin g  th e  c a s e s  w ith  a n d  w i th o u t in ju r y

into  t h e s e  e n v e l o p e s ,  it  is  e a s y  t o  a n a l y z e  t h o s e

c a s e s  w ith  r e sp e c t to  h e a d r o o m  r e d u ct io n .  O n

the  b a s is  o f th e  a b o v e  a n a ly s is  it  is  o b s e rv e d

th a t 1 7 ( 3 2 3 1)  o u t o f 3 5  c a s e s  o f in ju r e d

o c c u p a n ts  h a d  h e a d ro o m  r e d u c tio n  b e lo w  the

top  o f th e  h e a d , w h i le  o n ly  2 6 (1 2 9 7 2 )  o u t o f 1 2 0

c a s e s  o f th e  u n in ju r e d  o cc u p a n ts  h a d  sim i la r

h e a d r o o m  re d u ctio n .   T h e r e  a re  n o  h e a d

in ju rie s  in d ic a te d  w h e n  t h e  p re - cr a sh  h e a d r o o m

e x c e e d e d  3 0 c m .   h e  i n ju r ie s  l ie in  the

r a n g e o f  -1 7 . 5  t o  2 0 c m  o f p o s t- cr a sh  h e a d r o o m .

T h e  a b o v e  b r e a kd o w n  i s  g iv e n  o n ly  fo r  th e

p u r p o s e  o f c o m p a r is o n  o f h e a d ro o m  re d u ctio n

for  th e  in ju r e d a n d  u n i n ju r e d  o c c u p a n t s .  S i n c e
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i t  is b a s e d  o n  ra w  d a t a , n o  m e a n in g fu l  

c o n c lu s io n s  c a n  b e  d r a w  n u n l e s s  fur the r 

a n a ly s e s  o f  w e i g h te d  d a ta  a r e  ca r rie d  o u t a n d  

th e  r e su lts  o f  th e  tw o  a n a l y se s  c o m p a r e d .  

E F FE C T  O F  D Y N A M IC  R O O F  IN T R U S IO N  - In 

o r d e r t o  il lu s t ra t e  th e  d y n a m i c  e f fe c t o n  th e  

p o te n tia l  f o r h e a d  i n j u ry  i n  ro l lo v e r  c r a s h e s ,  

F ig u r e 2 a  h a s  b e e n  re - p lo tte d  s h o w i n g  a 

h y p o th e tic a l ca se  w he re  th e  init ia l h e a d r o o m  is 

b e lo w  2 0 c m .  T h is is  g iv e n  in  F ig u r e  2 b .  T h e  

th re e  d ia g o n a l  l in e s  s h o w n  a r e  l in e s  o f c o n s ta n t  

F ig u r e  3 .  R a t io  o f u n in ju r e d  to  in ju r e d  

o c c u p a n  t s  p lo t te d  a g a  i n s t p o s t - c ra s h  

h e a d r o o m .  

r o o f  in t ru s i o n  le v e l s  o f 0 c m  ,  1 0 c m ,  a n d  2 0 c m  . 

T h e  in te r se c tio n  o f  th e  l in e  i n d i c a ti n g  2 0 c m  p r e -

c r a s h  h e a d r o o m  w i th th e  2 0 c m  c o n s ta n t  

in tru sio n  l in e  s h o w s  t h a t t h e  p o s t -c r a s h  

h e a d r o o m  is  0 c m .  T h is  is  in d ic a te d  b y  th e  

v e rt ic a l l in e  ( l in e  3 )  t h ro u g h  t h e  p o s t - c r a s h  

h e a d r o o m  o f  0 c m  o n  t h e  x - a x is .  A ll  th e  c a s e s  t o  

the  lef t o f l in e  3  a n d  b e l o w  l i n e  1  h a v e  p o s t -

c r a s h  h e a d r o o m  b e lo w  th e  to p  o f  th e  h e a d .  T h e  

c a s e s  in  th e  s h a d e d  r e g io n  b o u n d e d  b y  lin e s  1 ,  

a n d  3  a n d  th e  0 c m  d i a g o na l l in e  a r e  

o c c u p a n ts  w i th  u p  to  2 0 c m  p r e -c ra s h  h e a d ro o m  

a n d  b e tw e e n  0 a n d  1 0 c m  o f p o s t- c ra s h  

h e a d r o o m .  If  a n  a d d it io n a l 1 0 c m  o f  in tr u sio n  

d u e  to  d y n a m ic  d e f le c tio n  o f  th e  r o o f a n d  th e  

re la tive  d i s p la c e m e n t o f  th e  o c c u p a n t  to w a r d s  

the  r o o f d u e  to  b e lt  s la c k  a n d  o th e r  fa c to r s a r e  

a d d e d ,  th e  o c c u p a n ts  in  th e  s h a d e d  re g io n  

w o u l d  e x p e r i e n c e  h e a d r o o m  r e d u ct io n  to  b e lo w  

the  top  o f  th e  h e a  d .  T h e r e f o re ,  th e s e  o c c u p a n ts 

w o u l d  th e n  b e  s h if te d  to  th e  le ft  o f  l in e  3 , w h e r e  

p o s t -c r a s h  h e a d r o o m  is  le s s  th a n  0 c m .  In  th e  

c a s e  i l lus t ra te d ,  l e t u s  a s s u m e  t h a t  a  v e h ic l e  

w h i c h  h a d  a n  in it ia l h e a d r oo m  o f  2 0 c m  h a d  a  

r e sid u a l r o o f c ru s h  o f 1 0 c m  i n  a  r o ll o v e r  c r a s h  

a n d  th e  d y n a m i c  ro o f d e fle c tio n  in  th e  s a m e 

c a s e  is  a n  a d d it io n a l 1 0 c m ,  th u s  r e s u lt in g  in a 

t o ta l  h e a d r o o m  r e d u c t io n  o f  2 0 c m  . 

F o r  the  a b o v e  h y p o th e tic a l c a s e ,  th e  to ta l c o u n t  

o f u n in ju r e d  a n d  i n ju r e d  o c c u p a n  t s  w i th 

h e a d r o o m  r e d u ct io n  b e lo w  t h e  h e a d  b y  th e  

sta t ic  r o o f d e fle c t io n  m e a s u r e m e n t  w a s  

4 0 ( 2 4 0 2 0 w e i g h te d ) .  W h e n  th e  d y n a m i c e f fe c t s  

a r e  in c lu d e d ,  th e  to ta l c o u n t w i th  h e a d r o o m  

re d u ctio n  b e lo w  t h e  he a d  is 8 5 (4 9 0 2 7  

w e i g h te d ) , o v e r d o u b le  th e  o r ig in a l n u m b e r .  

T h e  n u m b e r  o f  in ju r e d  o cc u p a n ts  in c re a s e d  

f rom  1 7 ( 3 5 3 0 )  to  2 1 ( 5 0 7 9 ), w h i le  th e  n u m b e r  o f  

u n in ju r e d  in c re a s e d  fr o m  2 3 ( 20 4 9 0 )  to 

6 4 ( 4 3 9 4 8 ).  It  a p p e a r s  th a t d y n a m ic  ro o f  

d e f le c tio n , f o r t h is  s p e c i fi c  c a s e , i n c re a s e s  th e 

n u m b e r  o f u n in ju r e d o c c u p a n ts  w i th  h e a d r o o m  

re d u c tio n  b e l o w  t h e  h e a d  s i g n i fi c a n tl y  m o re 

th a n  th e  in ju r e d  oc c u p a n ts .  If  i t  c a n  b e  

a s s u m e d  t h a t c a s e s  w  i th  h e a d  r o o m  r e d u  c t io n 

b e lo w  th e  h e a d  h a v e  a  h ig h  p r o b a b il i ty  o f  

r e ce iv in g  a  h e a d  in ju r y, d y n a m i c  h e a d ro o m  

re d u ctio n  u p  t o  1 0 c m  d o e s  n o t  a p p e a r  to  c a u s e  

m o re  h e a d  in ju r ie s ,  in  th is  p a rt ic u la r  ca s e  o f  

o c c u p a n  t s .  

T h e  a b o v e  d is c u s s io n  a n d  th e  a b s o lu te  n u m b e r  

o f  in ju r e d  a n d  u n in ju r e d  o cc u p a n ts  a re  g iv e n  

o n ly  to i l lu stra te  th a t  th e  d y n a m i c  ro o f c ru s h  a n d  

the  r e la t iv e  d is p la c e m e n t  o f  th e  o c c u p a n t w ith 

r e s p e c t  to  th e  r o o f a r e  im p o r t an t p a r a m e te r s  

th a t n e e d  to  b e  a c c o u n te d  fo r  in  e v a lu a tin g  the 

h e a d  in ju r y p o te n tia l  in  r o llo v e r c ra s h e s .  T h e  

n u m b e r s  a r e  in  n o  w a y  m e a n t  to  b e  u s e d  to 

c a lc u la te th e  r a te  o f  in c re a s e  o f h e a d  in ju r ie s  

p e r  u n it  dy  n a m i c  h e a d ro o m  r e d u c tio n  o r  a n y  

s u c h  a n a  l y s is .  

R A T I O  O F  U N IN J U R E D T O  IN J U R E D 

O C C U P A N T  C A S E S  -  T h e  n u m b e r  o f u n in ju r e d  

a n d  in ju r e d  o c c u p a n t s  u p  t o  a  s p e c i fi c  p o s t-

c r a s h  h e a d r o o m  le v e l w e r e  c o u n ted  a n d  th e  

ra tio o f  th e  u n in ju r e d  to  in ju r e d  o cc u p a n ts 

c o m p u t e d .  A  p l o t o f  th e  r a tio  o f u n in ju r e d  to 

i n ju r e d  o c c u p a n  t s  a g a in s t  a v a i la b l e  p o s t -c r a s h  

h e a d r o o m  le s s  th a n  a s p e c if ic  le v e l  is  g iv e n  in 

F ig u re  3 .  W h e n  th e  p o s t- cr a sh  h e a d r o o m  is 

b e lo w  ze ro , th e  ra tio  is  a lm o s t a  c on s ta n t.  A s  

the  h e a d r o o m  in c re a s e s  u p  to  a b o u t 1 5 c m ,  th is 

ra tio  i n c re a s e s  r a p i d l y ,  in d ic a tin g  th a t  th e  

n u m b e r  o f u n in ju r e d  is  a p p re c ia b ly  h ig h e r . T h e  

ra tio  in c re a s e s  fr o m  a b o u t 1 . 5  a t  0 c m  t o  a lm o s t  

3 .0  w h e n  the  po st-c ra sh  he ad ro om  is u p to 

2 0 c m  .  T h u s ,  th e  n u m b e r  o f  u n in ju r e d  

o c c u p a n ts  a lm o s t  d o u b le s  in re la t io n  to  th e  

n u m b e r  o f  i n ju re  d  o c c u p a n t s  w h  e n  t h e  p o s t -

c r a s h  he ad roo m  inc re as es  f ro m  < 0  t o  < 2 0 c m . 

B e t w e e n  < 2 0  to  < 2 5 c m  p o s t -c ra s h  h e a d r o o m ,  

the  cu rv e  is a p p ro xim a te ly le ve l at  a  ra tio  o f 

a l m o s t  3 .0  b e c a u s e  m o s t o f  th e  c a s e s  a n a ly z e d  

h a v e  p o s t- cr a sh  h e a d r o o m  b e lo w  2 5 c m .  T h e  
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n u m b e r  o f  u n in j u r e d  o c c u p a n t s  c o u n t  is  m  o s t  

a ffe c te d  f o r  p o s t - c ra s h  h e a d r o o m  fr o m  < 0  t o  

< 2 0 c m  . 

W h e n  th e  h e a d r o om  in it ia l ly a va i la b le  is 

r e d u ce d  to  z e ro ,  th e  h e a d r o o m  r e d uc tio n  is 

co ns ide re d to  be  10 0 p er ce nt.  W he n th e p os t-

c r a s h  h e a d r o o m  is  n e g a t ive ,  th e  r e d u ct io n  in 

h e a d r o o m  i s  c on s id e r e d  > 1 0 0  p e rc e n t.  W h e n  

the  po s t -c ra s h  h e a d r o o m  is  b e tw e e n  0  a n d  

in it ia l (p re -c ra sh ) h e a d ro o m , th e  re d u ctio n  is 

c o n s id e r e d  to  b e  < 1 0 0  p e r c e n t .  F ig u r e  4  i s  a  

fur the r  c o m p a r is o n  o f  th e  r a tio  o f  u n in ju r e d  to 

in ju re d  o c c u p a n ts p lo tte d  a g a in s t p e r ce n t  

h e a d r o o m  r e d u ct io n  a b o v e  a  s p e cif ic  le v e l.  T h e  

p e r ce n t h e a d r o o m  r e d uc tio n  is  c o m p u t e d  a s  th e  

d i ff e re n c e  in  th e  p r e - a n d  p o s t- cr a sh  h e a d r o o m  

d iv id e d  b y  th e  p re -c ra s h h e ad ro o m .  A t  a 

h e a d r o o m  r e d u ct io n  o f > 0  p e r ce n t,  th e  r a tio 

in c lu d e s  a ll  o c c u p a n t s  in  v e h ic le s  w i th  r o o f  

in tr u sio n .  T h e  g r a p h  s h  o w s  a  d o w n w a r d  t re n d  

o f  th e  r a tio  o f u n in ju r e d  to  in ju r e d  o cc u p a n ts  a s  

the  p e r ce n t h e a d r o o m  r e d u c t io n  i n c r e a s e s .  F o r  

> 0  to > 2 0 0  p e r ce n t h e a d r o o m  r e d uc tio n ,  th e  

ra tio  o f u n in ju r e d  to in ju r e d  o cc u p a n ts 

d e c re a s e s  fro m  a b o u t 3 .3 to 0 .9 .  T h is 

c o rr e sp o n d s  to  a lm o  s t  a  fo u r  tim e s  i n c re a s e  in 

the  n u m b e r  o f  in ju r ed  c a s e s  co m p a r e d  to  th e  

u n in ju r e d c a s e s .  T h e  h ig h e s t r a te  o f c h a n g e  in 

th is  ra t io  o c c u rs  b e tw e e n  > 0  a n d  > 1 0 0  p e rc e n t  

h e a d r o o m  r e d u ct io n  in d ic a tin g  a  p r e do m i n a n t  

e f f e c t o n  s u s c e p tib il i ty  to  in ju r y a s  th e  p e rc e n t 

h e a d r o o m  is  re d u c e d  in  th is  ra n g e .  O n e -

h u n d r e d pe rce n t  h ea dro om  red uc t ion  o ccu rs  

w h e n  th e  r o o f  in tr u d e s  to  th e  to p  o f  th e  

o c c u p a n t’s  h e a d .  A t  1 0 0  p e r ce n t h e a d r o o m  

r e d u ct io n ,  th e  r a tio  o f u n in ju r e d  to  in ju r e d  

o c c u p a n ts  is  1 .6 , a n d  a t 0  p e r ce n t h e a d r o o m  

r e d u ct io n , i t  is  3 .3.  T h is  s h o w s  th a t a s  

h e a d r o o m  re d u ctio n  d e c re a s e s  fr om  > 1 0 0  t o > 0  

p e r c e n t, t h e  n u m b e r  o f  u n in j u r e d  o c c u p a n t s ,  

c o m p a r e d  to  in ju r e d  o cc u p a n ts  is  m o r e  th a n  

d o u b le .  

W E I G H T E D  D A T A  C O M P A R I S O N S  -  T h e  

a c c id e n ts  in  th e  N A S  S  d a t a b a se  a r e  sk e w e d  

to w a r d s  a c c id e n ts  w i th  s e v e re  d a m a g e  a n d  

in ju rie s.  C o n s e q u e n t ly , w e i g h tin g  fa c to rs  a re  

u s e d  fo r  e a ch  a c c id e n t  to  d e v e lo p  n a tio n a l  

e s tim a t e s  o f  th e  to ta l n u m b e r  o f c a s e s fro m  the 

u n w e i g h te d  s a m p l e .  S a m  p lin g  e r ro r s a r e  n o t  

a c c o u n te d  for  in th e a n a lys is  i n  th i s  p ap er .  

H o w e v e r, ca re  w a s  t a ke n  to  k e e p  th e  d a ta  s e ts 

la rge  e n o u g h  s o  a s  to  d r a w  g e n e ra l c o n c lu s io n s  

f rom  t h e  a n a l y s is .  A l l  th e  r e su lts  p re s e n te d  a r e  

f rom  the  d a ta b a s e  c re a te d  u s in g  th e  c o n s tr a in ts 

d is c u s s ed  in  the  N A S S  D A T A  A N A L Y S IS 

s e c tio n .  

T o  a s c e r t a in  t h e  s ig n i fi c an c e  o f r o o f c ru s h  in 

F ig u r e  4 . R a t io  o f u n in ju r e d  to  in ju r e d  

o c c u p a n ts  p lo tte d  a g a in s t p e r ce n t  

h e a d r o o m  r e d u ct io n .  

c a u s in g  h e a d  in ju r ie s ,  fo u r  u p p e r  in te r io r  

c o m p o n e n t s  in c lu d in g  th e  r o o f w e r e  e x a m i n e d  

a s  i n ju r y  s o u r c e s  fo r  th e  g r o u p  o f a c c id e n ts 

s e le c te d  in  th is  s tu d y .  T h e s e  c o m p o n e n t s  

in c lu d e d  th e  r o o f,  s id e  r a il ,  fr o n t h e a d e r , a n d  A -

p i l l a r .  R e c o r d e d  in ju r ie s  i n c lu d e d  f r a c tu r e s ,  

b r a in  h e m o r r h a g e s ,  n e c k  s p r a in s ,  a n d  s k in 

a b r a sio n s  a n d  c u t s ,  to  the  h e a d ,  f a c e , a n d  n e c k .  

F ig u r e 5  i l l us t ra tes  th e  d is t r i bu t ion  o f  h ea d  in ju ry  

d u e  to  c o m p o n e n t  co n t a c ts  in  th e  a b o v e  d a ta 

s e t.  R o o f  c o n ta c ts  w e r e  re s p o n s ib le  fo r  a b o u t  

7 5  p e r ce n t o f h e a d ,  fa c e , a n d  n e c k  in ju r ie s  fo r  

th e s e  o cc up an ts o ve r th e f iv e y ea rs o f  N A S S 

d a ta , w i th  a  to ta l e s tim a t e d  c o u n t o f 1 3 ,9 4 3 .  

T h e  r o o f a n d  s id e  r a il  to g e th e r  re p r e se n t o v e r  

8 8  p e r ce n t of  th e  i n ju r ie s  d u e  t o  c o n t a c t  a g a i n s t  

the  s e le c te d  c o m p o n e n ts .  C o n s e q u e n t ly , r o o f  

c o n t a c t i s  c o n s id e r e d  t o  b e  r e s p o n s i b le  f o r  m o s t  

o f  th e  h e a d  in ju r ie s  w h e n  th e y  o c c u r.  H o w e v e r ,  

th e r e  w e r e  o v e r 1 5 0 ,0 0 0  o th e r  o cc u p a n ts  th a t 

d id  n o t  r e c e iv e  a n y  h e a d  in ju r ie s  in  s im i la r  

r o ll o v e r  a c c i d e n t s .  

F i g u r e  5 .  I n ju r y  d is t ri b u ti o n  fr o m  c o n  t a c ts 

a g a in s t  in te r io r  co m p o n e n t s  (N A S  S  1 9 8 8 -

1 9 9 2  d a ta b a s e ). 

Rains 7 



P e r ce n t h e a d r o o m  r e d u c t io n  g i v e s  a  c le a r 

in d ic a tio n  o f  th e  e f f e c t o f r o o f  in tr u sio n  o n  h e a d  

in ju ry  c a u s a t io n  a s  s h o w n  i n  F ig u r e  6 .  In  th is 

f i gu re , p e r ce n t h e a d r o o m  r e d u ct io n  is  s h o w n  fo r  

b o th  in ju re d  a n d  u n in ju r e d  o cc u p a n ts .  A b o u t  6 3  

p e r ce n t o f  th e  u n in ju r e d  o cc u p a n ts h a d  

h e a d r o o m  r e d u ct io n  b e tw e e n  0  a n d  3 0  p e r c e n t, 

w h i le  o n l y  a b o u t 2 7  p e r ce n t o f  in ju r e d  

o c c u p a n ts  h a d  s im i la r  h e a d r o o m  r e d u ct io n .  O n  

F ig u r e  6 . C o m  p a r is o n  o f p e r ce n t h e a d r o o m  

r e d u ct io n  fo r  in ju r e d  a n d  u n - in ju r e d  

o c c u p a n  t s .  

the  o th e r  h a n d ,  fo r  in ju r e d o c c u p a n ts , a b o u t 4 8  

p e r ce n t o f  th e m  h a d  a  h e a d r o o m  r e d u c tio n  

g r e a te r  th a n  7 0  p e r ce n t  c o m p a r e d  to  o n ly 

a b o u t 2 3  p e r ce n t  fo r  th e  u n in ju r e d  o cc u p a n ts . 

T h e r e fo r e ,  it  is a p p a re n t  th a t h e a d r o o m  

re d u ctio n  o v e r 7 0  p e r ce n t  in c re a s e s  th e  ris k  o f  

h e a d  in ju ry  fro m  r oo f c o nta c t c o ns id e ra b ly .  A s  

s ta te d  p r e v io u s l y , t o  d e te r m in e  p o s s ib le  c a u s e s  

o f h e a d  i n j u ry ,  fu r th e r  a n a l y s is  o f  th is  d a ta  c o u ld 

o n ly  b e  c o n d u c t e d  if  b e lt  s la c k ,  a n d  d y n a m i c 

r o o f  in tr u sio n  in fo r m a t io n  w e r e  k n o w n .  

F u r th e r a n a ly s is o f  th e  a v e ra g e  in tr u sio n  

m e a s u r e m e n t s  for  th e w e i g h te d  d a ta  s e t  is 

g iv e n  in  T a b le  1 .  A v e r a g e  p o st- cr a sh  h e a d r o o m  

w a s  4 .6 cm  fo r  i n ju re d  o c c u p a n t s , a n d  1 0 . 7 c m  

for  th e  u n in ju r e d .  T h u s  th e  a v e ra g e  p o s t - c ra s h  

h e a d r o o m  fo r  u n in ju r e d  o cc u p a n ts  is  2 .3  t im e s 

h ig h e r  t h a n  t h a t f o r i n ju r e d  o c c u p a n  t s .  

F u r th e r m o r e , the p e r ce n t  o f  h e a d r o o m  r e d u c t i on 

for  in ju r e d  o cc u p a n t s  w a s  a b o u t  6 9  p e r ce n t, 

c o m p a r e d  to  ju s t 3 1  p e r ce n t  fo r  u n in ju r e d  

o c c u p a n  t s , w h i l e  th e  a v e r a g e  p r e - c ra s h  

h e a d r o o m  w as  on ly  6 .7  pe rce n t  h igh er  fo r  th e 

u n in ju r e d o c c u p a n ts  th a n  th e in jure d o c c u p a n t s .  

A v e r a g e r o llo v e r a s  m e a s u r e d  b y  q u a rte r  tu r n s  

w a s  3 . 2 0  fo r  t h e  v e h i c le s  w i t h  o c c u p a n t  in j u r y ,  

a n d  3 .3 1  fo r  th o s e w ith  n o  in ju r y.  T h u s ,  th e r e  

w a s  o n ly a  sl ig h t (3  p e rc e n t) d if f e r e n c e  in 

a v e ra g e  q u a r te r  tu rn s  b e tw e e n  th e  c as es  w ith 

a n d  w i t h o u t i n ju r y .  C o n  s e q u e n  t ly ,  it is 

c o n c lu d e d  th a t  th e  g r o u p  o f  in ju r e d  a n d  

u n in ju r e d o c c u p a n ts  w e r e  e x p o se d ,  on  the 

a v e r a g e ,  to  th e  s a m e  c r a s h  se v e rity  in th e s e 

a c c i d e n t s ,  w he re  c ras h  s ev er i t y  is  a s s e s se d  in 

te rm s  o f q u a r te r  tu r n s.  W h ile  ro l lo v e r q u a r te r  

tu rn s  a r e  n o t a lw a y s  a c c e p te d  a s  a  m e a s u r e  o f  

c r a s h  s e v e r ity ,  th e  r e su lt in g  a v e ra g e s  d o  

in d ic a te  th a t  th e  r o llo v e r c a s e s  co m p a r e d  in  th is 

s tu d y  ha d  re la t i ve ly  l o w  c ra sh  se ve r ity .  T h e  

c a s e s  a n a ly z e d  o n ly  a v e ra g e d  a b o u t 3  q u a r te r  

tu r n s , w h i c h  p ro b a b ly  d o e s  n o t c a u s e  ve ry 

v io le n t m o t io n  o f o c c u p a n ts , e s p e c ia lly w h e n  

T a b le  1 .  A v e r a g e  ro llo v e r q u a r te r  t u rn s ,  

p r e - c ru s h  h e a d r o o m , a n d  p o s t - c r u s h  h e a d r o o m  

f o r w e i g h t e d  v e h i c le  a n d  o c c u  p a n t  c a s e s .  

Avg. 

Vehic le 

1/4 Turns 

Avg. Pre-

Crash 

Headroom 

(cm)  

Avg. P ost-

Crush 

Headroom 

(cm)  

% 

Headroom 

Reduction 

Injured 

Cases 

3.20 14.6 4.6 69 

Uninjured 

Cases 

3.31 15.6 10.7 31 

b e lte d .  T h is  w o u l d  m e a n  th a t  th e  v e lo c it ie s  

im pa rte d  to t h e  o c c u p a n t a r e  n o t  l ik e ly  to  b e  

h ig h  w h e n  c o m p a r e d  to  m o r e  s e v e re  r o llo v e r  

a c c i d e n t s .  In  fa c t,  o v e r 5 0  p e r ce n t  o f the 

a c c id e n ts  in  th e s e  c a s e s w e r e  2  q u a rte r -tu r n  

r o ll o v e r s .  W ith o u t  th e  h ig h  v e lo c it ie s  a n d  fo r ce s  

im p o s e d , t h e  o c c u p a n t  i s  l e s s  li k e ly  t o  h a v e  

la rge  for ce s t ra ns fer re d to  the  he a d  d u e  to th e 

v io le n t m o t io n  o f t h e  v e h i c le .  B e l t s l a c k  m a y  s t il l  

b e  a n  im p o r t an t p a r a m e te r  th a t n e e d s  fu r th e r  

in v e s tig a tio n ,  b u t  th is  s tu d y  u s e d  o n ly  c a s e s  

w h e r e  s e a t b e lt u s e  w a s  c o d e d  a s  "B e l t 

P ro p e r ly  W o r n ",  a n d  it  w a s  a s s u m e d  t h a t b e lt 

“ s la c k ”  w a s  a b o u t  t h e  s a m e  i n  a ll  c a s e s ,  

i rr e s p e c t iv e  o f  w h e t h e r  th e  o c c u p a n t w a s  

in ju re d  o r  u n in ju r e d .  It  d o e s  n o t a p p e a r  th a t  

b e lt  s la c k  a lo n e  w o u l d  e xp la in  th e  d if fe r e n ce s  

s e e n  in  th e  s ta tu s  o f inju rie s  a n d  its  re la t io n s h ip 

to  p o s t - c ra s h  h e a d ro o m  b e t w e e n  i nju r e d  a n d  

u n in ju red  o c c u p a n t s .  D i ffe r e n ce s s e e n b e tw e e n 

t h e s e  tw o g ro up s s ho w  tha t ro o f  in tr u sio n  in to 

th e  co m pa rtm en t is a  l ike ly c on tr ibu tor  to 

c a u s in g  h e a d  in j u ri e s .  T h e  p o  s t -c r a s h  

h e a d r o o m  fo r  ca s e s  w h e r e  th e  o c c u p a n t w a s  

n o t  in ju r e d  w a s  o v e r 2  t im e s  h i g h e r  th a n  th e 

po st-c ra sh  he ad ro om  for  in ju re d o cc up an ts.  

T a b le  2  b rea ks  d ow n th e  d is t r i bu t ion  o f  i n ju re d 

a n d  u n - in ju r e d  o cc u p a n ts  fu r th e r  b y h e a d r o o m  

r e d u ct io n .  A v e r a g e  p re - cr a sh  h e a d r o o m  w a s  

1 9 . 1 c m  f o r i n ju r e d  o c c u p a n  t s , a n d  1 7 . 5 c m  fo r 
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u n in ju r e d o c c u p a n ts w h e n  t h e  h ea d r o o m 


re d u ctio n  w a s  < 1 0 0  p e r c e n t.  A t  th e  s a m e  t im e , 


a v e ra g e  p o st-c ra sh  he ad ro om  for  the se  tw o


s e ts  o f d a ta  a r e  d if fe re n t,  w i th  th e  u n in ju r e d 


o c c u p a n ts  h a v in g  a  p o s t- cr a sh  h e a d r o o m  a b o u t 


3 c m  h i g h e r  th a n  i n  t h e  c a s e  o f  o c c u p a n t s  w i th


in ju rie s.  T h is  in d ic a te s  th a t  th e  a v e ra g e 


h e a d r o o m  r e d u ct io n  fo r  th e  in ju r e d  o cc u p a n ts


w a s  7 .5 c m ,  w h e r e a s  th e  s a m e  f o r u n in ju r e d 


o c c u p a n ts  w as  on ly  2 .4 cm . A  n um be r  o f  fac to rs 


m a y b e  r e sp o n s ib le  fo r  t h is  d i ff e re n c e .  F i rs t , a s 


s e e n  fr o m  F ig u r e  4 ,  th e  s h if t f r o m  u n i n ju r e d  to


in ju re d  o c c u rs  a t a  fa s te r  ra te  w h e n  t h e 


h e a d r o o m  r e d u ct io n  is  < 1 0 0  p e rc e n t .  T h e 


s e c o n d  p o s s ib il i ty  is  th a t  in  th e s e  ca se s  w he re 


th e r e a r e  h e a d  i n j u ri e s , t h e  d y n a m  i c  e ff e c t 


( o cc u p a n t d iv e  a n d  d y n a m i c r o o f c o lla p s e ) m a y 


b e  m o r e  p r e d o m in a n t  th a n  in  th e  u n in ju r ed


c a s e s .  T h e  a v e ra g e  p e r ce n t h e a d r o o m 


re d u ctio n  o f  in ju r e d  o cc u p a n ts  w a s  3 9  p e r ce n t,


w h i le  p e r ce n t h e a d r o o m  r e d u ct io n  o f u n in ju r e d 


o c c u p a n ts  w a s  o n l y a b o u t 1 4  p e r ce n t,  o r  a b o u t 


a  t h ir d  o f  th a t  fo r  th e  i n ju r e d  o c c u p a n  t s . 


F o r  o c c u p a n ts  w h o  h a d  h e a d r o o m  r e d u ct io n 


�1 0 0  p e r ce n t,  th e  p r e -c ra s h  h e a d ro o m  w  a s 


m u c h  le s s  fo r  in ju r e d a n d  u n in ju r e d o c c u p a n  t s . 


P re - c ra s h  h e a d r o o m  w a s  7 . 1  c m  f o r  in ju r e d 


o c c u p a n ts  a n d  8 . 4  c m  f o r u n i n ju r e d  o c c u p a n  t s . 


W h ile  b o th  h a d  a  s u b s ta n tia l  p e r ce n ta g e  o f 


h e a d r o om  r e d  u c tio n  -  2 0 0  p e r ce n t  fo r  in ju r e d 


a n d  1 6 9  p e r ce n t  fo r  th e  u n in ju r e d  - th e


p e r ce n ta g e  o f u n in ju r e d  w h o  h a d  h e a d ro o m 


re d u ctio n �1 0 0  p e r ce n t w a s  s m a l le r  w h e n 


c o m p a r e d  t o  th e  i n ju r e d  o c c u p a n t s .  O n l y  2 1


p e rc e n t o f u n in ju r e d  o cc u p a n ts  h a d  h e a d ro o m 


re d u ctio n �1 0 0  p e r ce n t,  c o m p a r e d  to  3 8  p e r ce n t 


o f i n ju re d  o c c u p a n ts .  T h e  u n in ju r e d  ca s e s  w ith


h e a d r o o m  r e d u ct io n  �1 0 0  p e r ce n t a v e ra g e d  2 .6


qu ar ter - tu rn r o lls  a n d  th e  in ju r e d  a ve r a g e d  4 .1


qu ar te r - tu rn  r o lls , a  5 8  p e rc e n t  in c re a s e .  T h e s e 


a d d it io n a l qu ar ter - tu rn s  m a y  c a u s e  h ig h e r 


f o rc e s  i m p a r t e d  to  t h e  o c c u p a n t t o  c a u s e 


v e rt ic a l  e x c u r sio n  a n d  r oo f c o n ta c t w i th  th e 


h e a d . 


T a b le  2  a ls o  s h o w e d  t h a t  if  y o u  s u m  u p  t h e 


n u m b e r  o f o c c u p a n ts  u n d e r  th e  in ju r e d  a n d 


u n in ju r e d c o lu m n s ,  th e  to ta l n u m b e r  o f  in ju red 


oc cu pa n ts  (9 37 9)  w as  m uc h  s m a l le r  


th a n  th e  n u m b e r  o f u n in ju r e d  (1 0 5 4 8 0 ) .  T h is


c o u ld  b e  p a r tly  d u e  to  th e  e ffe c tiv e n e s s  o f 


s e a tb e lts  in  p r e ve n tin g  in ju r ie s  i n  th e  r o llo v e r 


c a s e s  a n a ly z e d . 


T a b le  2 .  A v e r a g e  r o l lo v e r  q u a r t e r t u rn s ,  

p r e -c r u s h  h e a d r o o m , a n d  p o s t - c ru s h  h e a d r o o m . 

Injured Uninjured 

Headroom 

Reduction 

�100% 

Headroom 

Reduction 

<100% 

Headroom 

Reduction 

�100% 

Headroom 

Reduction 

<100% 

No. of 
Vehicles 

3231 5794 12972 70888 

Avg. 
1/4Turns 

4.1 2.7 2.6 3.5 

Avg. Pre-
Crash 

Headroom 
(cm) 

7.1 19.1 8.4 17.5 

Avg. Post-
Crash 

Headroom 
(cm) 

-7.1 11.6  -5.8 15.1 

% Headroom 
Reduction 

200 39 169 14 

No. of 
Occupants 

3530 5849 22099 83381 

% Distribution 
of Occupants 

38 62 21 79 

Raw Count 17 18 26 94 

A n o t h e r c o m p a r is o n  w a s  m a d e  t o  e x a m i ne  if 

the  i n c id e n c e  o  f  in j u r y  i s  a ff e c te d  b y  i n i t ia l  

h e a d r o o m  b e lo w  a n d  a b o v e  1 2 .7 c m ,  a s  

m e as u re d  fr o m  th e  r o o f  in te r io r .  T h e  1 2 .7 c m 

th r e sh o ld  w a s  c h o s e n  b e c a u se ,  th is  is  th e  u p p e r  

l im it  o f r o o f c ru s h  e s ta b lis h e d  in  F e d e r a l M o t o r  

V e h i c l e  S a f e ty  S t an d a r d  (F M V S S )  N o . 2 1 6 ,  

“ R o o f C r u sh  R e s is ta n c e ”.  C u r re n tly , F M V S S  

N o .  2 1 6  s e t s  t h e  li m i ts o f  ro o f d e fle c tio n  to  b e  

n o  m o r e  th a n  1 2 .7 c m  w  h e n  lo a d e d  to  1 ½  tim e s 

the  v e h ic le  w e i g h t  ( 2 2  .2  k N  l im i t  fo r  p a ss e n g e r  

ca rs  o n ly ) b y  a  1 8 3 c m  x  7 6 c m  l o a d  p la te  o n  th e  

le a d in g  e d g e  o f  th e  r o o f  [7 ] .  T h is  ro o f c ru s h  is 

m e a s u r e d  fr o m  th e  o u ts id e  o f  th e  v e h ic le .  T h e  

in tru sio n  in to  th e  c o m p a r tm e n t  h e a d ro o m  of th e 

o c c u p a n t m a y  d e p e n d  o n  th e  s tr u ctu r a l st i f fn es s 

o f  th e  r o o f,  a n d  th e  in it ia l h e a d r o o m  o f  th e  

v e h i c le .  F ig u r e  7  sh o w s  t h e  d is tr ib u tio n  o f  

c a s e s  w ith  h e a d r o o m  r e du c tio n  � a n d  < 1 0 0  

p e r ce n t a n d  p r e - cr a sh h e a d r o o m  � a n d  

< 1 2 . 7 c m  .  In  T a b le  2 , 3 8  p e r ce n t o f  th e  in ju r e d  

o c c u p a n ts  h a d  h e a d ro o m  r e d u c tio n  �1 0 0  

p e r ce n t;  h o w e v e r ,  in  F ig u r e  7  it  is  s h o w n  th a t o f  

th a t 3 8  p e r ce n t , 8 2  p e r c e n t  h a d  p r e - c r a s h  

h e a d r o o m  les s  th a n  1 2 .7 c m .  A ls o , w h i le  o n ly 

2 1  p e rc e n t o f u n in ju r e d  o cc u p a n ts h a d  

h e a d r o o m  r e d u ct io n  �1 0 0  p e r ce n t c o n s id e r in g 

a ll  c a s e s , 3 8  p e r ce n t o f  th o s e  h a v e  s im i la r  

h e a d r o o m  r e d u ct io n  w h e n  t h e  p re - c ra s h  

h e a d r o o m  w a s  l e ss  th a n  1 2 .7 c m  . F o r  th e  

in ju re d  c a s e s ,  it  w o u l d  a p p e a r  th a t w h e n  p r e -

c r a s h  h e a d r o o m  is  le s s  th a n  1 2 .7 c m  , a  h ig h  

p e r ce n ta g e  ( 8 2 % )  o f c a s e s  h a ve  h e a d r o o m  
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re d u c tio n  b e lo w  t h e  h e a d .  T h e  p e r ce n ta g e  fo r  

b o th  i n ju r e d  a n d  u n  i n ju r e d  c a s e s  w  i th h e a d ro o m  

re d u ctio n  e x c e e d in g  1 0 0  p e rc e n t w h e n  th e  p r e -

c r a s h  h e a d r o o m  w a s  g r e a t e r t h a n  1 2 . 7  c m ,  i s  

ve ry  lo w ,  i.e . 1  p e r ce n t for  c a s e s  w ith  in ju r y, a n d  

6  p e r ce n t  fo r  ca s e s  w ith o u t  in ju r y.  It  is  n o te d  

th a t  th e r e  a re  o n ly  a  fe w  c a s e s  w h e n  p r e - c ra s h  

h e a d r o o m  is  > 1 2 .7 c m  a n d  t h e  h e a d ro o m  

re d u ctio n  is �1 0 0  p e r ce n t.  If  th e  p r e - c r a s h  

h e a d r o o m  is  g re a te r  th a n  1 2 .7 c m ,  th e  r is k o f  

h e a d r o o m  in tr u sio n  b e lo w  t h e  he ad  i s  ve ry  lo w .  

O n  th e  o th e r  h a n d ,  w h e n  t h e  p r e -c r a s h  

h e a d r o o m  is  l e s s  th a n  1 2 .7 c m ,  th e  r is k  o f h e a d  

in ju ry  fr o m  h e a d r o o m  re d u c tio n , a n d  th u s  ro o f  

c o n t a c t , i n c re a s e s  s i g n i fi c a n tl y .  

L T V 'S  A N D  P A S S E N G E R  C A R S  -  T a b le  3  

g iv e s  th e  r e su lts  o f r o llo v e r,  a n d  h e a d ro o m  

c o m p a r is o n s  b e tw e e n  l ig h t  tr u ck s , v a n s , a n d  

m u l ti -p u r p o s e  v e h ic le s  (L T V ' s) , a n d  p a s s e n g e r  

c a r s .  L T V 's  a re  in v o lv e d  in  o v e r 3 8  p e r ce n t o f  

a ll th e  r o llo v e r a c c id e n ts  in  th is  s tu d y , e v e n  

th o u g h  th e  1 9 9 1  P o lk  R e g i str a tio n  d a ta  s h o w  

th a t L T V 's c o m p r is e  o n l y  a b o u t 2 8  p e r ce n t o f  

the  f lee t .  S e v e ra l  fa c to r s  in v o lv in g  r o llo v e r  

s u s c e p tib il i ty  a n d  o the r  ve h ic le  us e  fa c to rs  

p r o b a b ly  m a y  b e  r e s p o n s ib le  fo r  th e  h ig h e r  

i n v o lv e m  e n t  o f  L T V ’ s  in  r o ll o v e r  a c c i d e n t s .  

A b o u t  6  p e r ce n t o f L T V  o c c u p a n ts  in  th is 

d a t a b a s e  h a d  h e a d  in ju r ie s  in ro l lo v e r  

a c c i d e n t s .  In  c o m p a r is o n ,  th e  r is k  o f r e ce iv in g  

a  h e a d  in ju r y  in  p a s s e n g e r  c a r  r o ll o v e r s  i s  

a l m o s t  1 0  p e r ce n t a s  s e e n  fr o m  th is  d a ta .  L T V  

r o o fs a re  g e n e r a lly  s tr o n g e r a n d  h ig h e r , g iv in g  

m o re  h e a d r oo m  t o  th e  o c c u p a n t  th a n  in 

p a s s e n g e r  ca rs ; co n se q u e n tly, i f  i t  is a ss u m e d 

th a t h e a d r o o m  r e d uc tio n  is  im p o r t an t  in  c a u s in g  

in ju ry ,  it  is  c o n c e iv a b le  th a t L T V 's  w o u l d  h a v e  a 

lo w e r  p e r ce n ta g e  o f  in ju r ie s  in  r o llo v e r c ra s h e s  

s i n c e  th e ir  in it ia l h e a d r o o m  i s  m u c h  h ig h e r .  T h e  

d a ta  o n  p o st- a n d  p re -c ra sh  h e a d ro o m  in L T V ’s 

a n d  p a s s e n g  e r s  s u p p o r t s  th i s  h y p o t h e s is .  In 

th is  d a ta ,  th e  a v e ra g e  p r e -c ra s h  h e a d r o o m  for 

L T V 's  w a s  a b o u t  4 4  p e r ce n t h ig h e r  th a n  in 

p a s s e n g e r c a r s .  H e a  d r o o m  r e d u c t io n  ( p re -

c r a s h  m i n u s  p o s t- cr a sh  h e a d r o o m )  fo r  i n ju red  

o c c u p a n ts  a v e ra g e d  1 2 . 8 c m  f o r  L T V ’ s  in 

c o m p a r is o n  t o  8 .9 c m  f o r p a s s e n g  e r  c a r s .  

H e a d r o o m  re d u ctio n  for  u n in ju r e d  o cc u p a n ts 

a v e ra g e d  

T a b le 3 .  C o m p a r is o n  o f L T V  a n d  

P a s s e n g e r C a r  ro llo v e r d a ta  fo r  N A S S  1 9 8 8 -

1 9 9 2 .  

Vehicle Type Injured Uninjured 

LTV 's 

# Occupants 2605 41406 

94.1 

48 

21.4 

14.5 

32 

4.1 

Passenger 

Cars 

64074 

90.4 

72 

11.8 

8.3 

30 

Avg. 1/4 Turns 3.2 2.6 

% Distribution 

Raw Count 

Pre-Crash 
Headr oom (cm) 

Post-Crash 
Headr oom (cm) 

% Headroom 
Reduction 

Avg. 1/4 Turns 

# Occupants 

% Distribution 

Raw Count 

Pre-Crash 
Headr oom (cm) 

Post-Crash 
Headr oom (cm) 

% Headroom 
Reduction 

5.9 

10 

19 

6.2 

67 

3.1 

6774 

9.6 

25 

12.8 

3.9 

69 

F ig u r e  7 .  D i s tr ib u tio n  o f c a s e s  w h e n  p re -

c r a s h  h e a d r o o m  i s  m o r e  o r  le s s  t h a n  1 2 . 7 c m .  

6 . 9 c m  a n d  3 . 5 c m  f o r  L T V ' s  a n d  p a s s e n g  e r  c a r s ,  

r e s p e c t iv e l y .  D u e  t o  th e  h ig h  in it ia l h e a d r o o m  in 

L T V  's ,  it  ta k e s  m o r e  ro o f d e fle c tio n  in c lu d in g  th e  

d y n a m i c  e f fe c t  o f r o o f  c o ll a p s e  a n d  v e r t ic a  l 

o c c u p a n t ex cu rs io n,  to  ha ve  he ad  in ju ry f r  o m 

ro of  c on tac t .  

T h e  a v e r a g e  p e r c e n t  h e a d r o o m  r e d u c t io n s  fo r  

L T V ’s a n  d  p a s s e n g e r c a rs  w e r e  a lm o s t  th e  

s a m e  fo r  in ju r e d  o cc u p a n ts  a t 6 7  p e r ce n t  fo r  

Rains 10 



L T V  ’ s , a n d  6 9  p e rc e n t  f o r p a s s e n g  e r  c a r s .  

H o w ev er ,  th e  p e r ce n t h e a d r o o m  r e d uc tio n  fo r 

u n in ju r e d o c c u p a n ts  in  p a s s e n g e r c a rs  a n d  

L T V ’s  w a s  a b o u t  h alf  tha t  for  i n ju r e d  o c c u p a n t s .  

E v e n  th o u g h  the  a v e ra g e  p r e -c ra s h  h e a d ro o m  

for  L T V ’ s a n d p a ss en ge r ca rs a re  qu i te 

di f fe re nt,  th e  a v e ra g e  p e r ce n t h e a d r o om 

re d u ctio n  i s  a lm o s t  th e s a m e .  T h i s  s u g g e s t s  

th a t  to  s u s ta in  a n  in ju r y  in  a n  L T V ,  th e  a b s o lu te 

h e a d r o o m  r e d u ct io n  m u s t  b e  m o r e  th a n  in 

p a s s e n g e r ca rs,  w hic h c on f i rm s th e n ot io n th at 

the  init ia l h e a d ro o m  o f  L T V ’s  a re  h ig h e r  th a n  

p a s s e n g e r ca rs .  H ow ev er ,  th e  d y n a m i c e f fe c t s  

o f  th e  p a s s e n g e r c a r a n d  L T V ’ s m a y  b e  d i f fe re n t  

d u e  to  th e  u s u ally  s ti f fe r  r oo fs  o f L T V ’s ,  w hi c h  

c o u ld  ca us e th e p er ce nt h ea dr oo m  re du ct io n to 

b e  n e a r ly  th e  s a m e .  

A v e r a g e  p o s t -c ra sh  he ad roo m  fo r  i n ju re d 

o c c u p a n ts  d id  n o t h a v e  ro o f  in tr u sio n  to  a  le v e l  

b e lo w  t h e  o c c u p a n t s  h e a d .  T h e  p o  s t -c r a s h  

h e a d r o o m  o f  in ju r e d  o cc u p a n ts  a v e r a g ed  6 . 2 c m  

for  L T V  ’ s  a n d  3 . 9 c m  f o r  p a s s e n g e r  c a r s .  T h u s ,  

d y n a m i c  ro o f in tru sio n ,  a n d  th e  v e rt ic a l  

o c c u p a n t ex cu rsio n m ay  als o b e c on tr ibu t ing  to 

h e a d  in ju r ie s .  H o w e v e r , w h e n  c o m p a r i ng  th e  

u n in ju r e d o c c u p a n ts  in  L T V ’ s a n d  p a s s e ng e r 

c a r s , t h e  p o s t -c r a s h  h e a d r o o m  w a s  1  4 . 5 c m  a n d  

8 .3 c m  , r e s p e c t iv e l y .  T h e r e f o r e , w h i l e  v e r ti c a l  

e x c u rs io n  a n d  d y n a m i c  e ffe c ts  a re  in a ll 

p r o b a b il i ty  a d d in g  to th e  to ta l h e a d r o o m  

re d u ctio n  i n  s o m e  a c c i d e n t s , i t  is  o b v io u s  w h e n  

c o m p a r in g  th e  in ju r e d  a n d  u n in ju r e d  g ro u p s  th a t  

m e a s u r e d  s ta t ic  h e a d ro o m  r e d u ct io n  i s  a  

p a r a m e te r  th a t c o rre la te s  w e l l w i th  th e  r is k  o f  

h e a d  i n j u r y .  

I n te r e s t in g l y ,  th e  a v e r a g e  q u a rte r  tu r n s  fo r  th e  

L T V 's  w i th  u n in ju r e d  o cc u p a n ts  a v e ra g e d  a  fu ll 

q u a r te r  tu r n  m o r e  th a n  fo r  th e  L T V 's  w i th  h e a d  

in ju re d  o c c u p a n ts .  T h is  tr e n d  w a s  ju s t  th e  

o p p o s i t e  f o r t h e  p a s s e n g e r  ca r s, w i th  3 .2 

a v e ra g e  q u a rte r turn s  fo r  in ju r e d  o cc u p a n ts , a n d  

2 .6 a ve rag e q ua r te r  tu rn s fo r  u n in ju red  

o c c u p a n t s .  It  is  p o s s ib le th a t  th e  h ig h e r  

h e a d r o o m  in  th e  L T V ’ s m a y  h a v e  m a d e  t h e  

in f lu e n c e  o f  th e  n u m  b e r  o f  q u a r te r  tu r n s  le s s  

s ig n if ic a n t i n  c a u s in g  h e a  d  i n ju r ie s .  I t  m a y  a l s o  

b e  in d ic a tiv e  o f  th e  fac  t  th a t L T V ’ s a s  a  g ro u p  

a r e  m o r e  s u s c e p tib le  to  in c re a s e d  ro ll  r a te  th a n  

p a s s e n g e r c a r s  w h e r e  t h e  c e n t e r -o f -g r a v i ty  o f  

the  ca rs,  in  ge ne ra l ,  are  low er  tha n th at o f 

L T V  ’ s .  

IN J U R Y  D IS T R IB U T IO N  - T a b le  4  s ho w s th e 

A IS  l e v e ls  fo r  th e  in ju r ie s  a n d  th e ir  d is tr ib u tio n  

b y  p e r ce n t h e a d r o o m  r e d uc tio n .  O n ly  3 6  

p e r ce n t o f a ll  h e a d  in ju r ies  , A I S  1 + , h a d  

h e a d r o o m  r e d u ct io n  > 1 0 0  p e rc e n t. O n th e 

o th e r  h a n d , 6 5  p e r ce n t o f a ll  s e r io u s  i n ju r ie s ,  

A I S 3 + , h a d  sim i la r  h e a d ro o m  r e d u c tio n .  In 

g e n e ra l,  as  the  in ju ry s ev er i ty in cre as es , th e 

p e r c e n t a g e  o f  h e a d r o o m  r e d u c t io n  i n c r e a s e s .  

T a b le  4 .  H e a d  i n ju r ie s  fr o m  r o o f c o n t a c t  

b y  A IS le v e l a n d  b y  a s s o cia te d  h e a d r o om 

r e d u ct io n  fr o m  N A S  S  1 9 8 8 - 1 9 9 2  d a ta .  

Injury 

Seve rity 

Total Head 

Injuries 

Head Injuries 

with Headroom 

Reduction 

�100% 

Percent of Injuries 

with Headroom 

Reduction�100% 

AIS 1+ 12042 4374 36 

AIS 2+ 2613 788 30 

AIS 3+ 201 131 65 

SUMMARY AND CONCLUSIONS 

T h e  N A S  S  d a t a b a se  w a s  u s e d  to  e x a m i n e  

r o llo v e r a c c id e n ts  a n d  h e a d  in ju r ie s  to  b e lte d  

o c c u p a n  t s .  U s i n g  A A M A  s p e c i fic a tio n s  a n d  

o th e r  s p e c if ic a tio n s  o f v e h ic l e s ,  th e  o c c u p a n t  

h e ig h t, a n d  v e h i c le r o o f in tr u sio n  m e a s u r e m e n t s  

for  th e  N A S  S  c a s e s  a n a ly z e d ,  h e a d r o o m  in 

c a s e  ve h ic le s  w ere  d e te r m in e d  b e fo r e  th e  c ra s h  

(p re  -c ra  sh  ) , an  d  a  f te r  the  c ra  sh  (po  s t -c ra  sh  ) .  

W i th  th is  in fo r m a t io n , c o m p a r a t iv e  a n a ly s e s  

w e r e  c o n d u c te d  to  d e te r m in e  th e  fa c to rs th at  

a r e  l ik e ly  to  c a u s e  h e a d  in ju r ie s  in  r o llo v e r 

c r a s h e s .  U n w e i g h te d  d a ta  w e r e  u s e d  to  s tu d y  

the  tr e n d s  in  h e a d  in ju r y c a u s a tio n  b y  h e a d ro o m  

re d u ctio n  a n d  ro o f c o nta c ts .  A n a l y s e s  w ere  

a l s o  c o n d u c te d  w i th  w e i g h t in g  f a c t o rs  t o  m a k e  

n a tio n a l e s tim a t e s  o f  th e  d a ta .  C o n c lu s io n s  

b a s e d  on  res u l t s  f rom  the se  an a lys es ,  a re  

e n u m e ra te d  b e lo w :  

1 .  Th e  r i sk  o f  a  he ad  in ju ry  in c re a s e s  a s  th e  

h e a d r o o m  is  re d u c e d .  T h e  fo llo w in g  r e su lts  o f  

w e i g h te d  d a ta  le a d  to  th is  c o n c lu s io n :  

!  H e a d r o o m  r e d u ct io n  o v e r 7 0  p e r ce n t  

in c re a s e s  th e  r is k  o f h e a d  in ju r y  fr o m  

ro o f co n ta ct s u b sta n tia l ly. 

! A v e r ag e  p r e - c ra s h  h e a d r o o m  i s  a  

s ig n if ic a n t  f a c to r  in  d e t e r m i n i n g  th e  r is k  

o f h e a d r o o m  in tr u sio n  b e lo w  t h e  h e a d .  

S i n c e  r is k  o f h e a d  in ju r y i n c re a s e s  w i th 

p o s t - c ra s h  h e a d r o o m  b e lo w  t h e  h e a d ,  

p r e - c ra s h  h e a d r o o m  m u s t  a ls o  b e  

c o n s id e re d  a s  a n  im p o r t an t  in d ic a to r  o f  

t h e  r is k  t o  h e a d  i n ju r y .  

!  T h e  p e r ce n ta g e o f  in ju r e d  o cc u p a n ts 

w i th  p o s t- cr a sh  h e a d r o o m  b e lo w  t h e  top 

o f  th e  h e a d  w a s  1 .8 t im e s  ( 2 .2 

u n w e i g h te d )  the  p e r ce n ta g e  o f u n in ju r e d  
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o c c u p a n  t s .  

!  A v e r a g e p e r ce n t h e a d r o o m  r e d uc tio n  

o f  in ju r e d  o cc u p a n ts  w a s  m o r e  th a n  

tw ice  th a t o f u n in ju re d  oc cu p a nts .  A t the 

s a m e  t im e, t h e  in ju r e d  a n d  u n in ju r e d  

c a s e s  e a c h  a v e ra g e d  th e  s a m e  n u m  b e r  

o f q u a rte r-tu rn  ro l ls. 

2 .  A n a l ys e s  o f  th e  r a w  d  a t a  a ls o  s h o w e d  t re n d s  

w h e r e  th e  r is k  o f h e a d  in ju r y  in c re a s e d  w i th 

h ig h e r  h e a d r o o m  r e d uc tio n .  R e s u l ts  fo u n d  

w e r e :  

!  T h e  p e r ce n ta g e  o f u n in ju re d  

o c c u p a n ts  w i th  n o  r o o f  in tr u s io n  w a s  

o v e r th re e  t im es  tha t of  th e  p e r ce n ta g e  o f  

i n ju r e d  o c c u p a n  t s .  

! T h e  r a tio  o f u n in ju r e d  to  in ju r e d 

o c c u p a n ts  is re d u c e d  b y  a b o u t  5 0 

p e r ce n t  a s  p o s t - c ra s h  h e a d r o om 

d e c r e a s e s  f r o m  < 2 0  t o  < 0 c m .  

!  T h e  r a tio  o f u n in ju r e d to  in ju r e d  ca s e s  

w ith  a n y  h ea d ro o m  r e d u ct io n  (> 0  

p e r ce n t)  is  o v e r d o u b le  th a t  fo r  ca s e s  

w ith  h e a d r o o m  re d u c tio n  g r e a te r  th a n  

1 0 0  p e r ce n t.  T h e  r a tio  d e c lin e s  

e x p o n e n tia lly  a s  h e a d ro o m  r e d u c tio n  

in c re a s e s .  W h e n  th e  le v e l o f h e a d r o o m  

re d u ctio n is  g re a te r  th a n  2 0 0  p e rc e n t, 

the  r a tio  d e c re a s e d  to  le s s  th a n  o n e - th ir d  

the  r a tio fo r  ca s e s  w ith h e a d r o o m  

r e d u ct io n  o v e r 0  p e r ce n t. 

3 .  A  h y p o th e tic a l a n a ly s is  w a s  c o n d u c te d  to 

e x a m i n e  th e  e ffe c ts  o f a d d in g  d y n a m ic  r o o f  

in tru sio n  a n d  v e rt ic a l o c c u p a n t e x c u rs io n  to  th e  

r e sid u a l h e a d r o o m  r e d uc tio n .  E v e n  th o u g h  

d y n a m i c  e f fe c t s  d id  n o t  s ig n i fi c a n tl y  in c r e a s e  

the  n u m b e r  o f  in ju r e d  o cc u p a n ts  fo r  th e  c a s e  

a n a ly z e d ,  it  is n e c e s sa r y  to ta k e  in to 

c o n s id e r a tio n  th e  d y n a m i c  e ffe c ts w h e n  

a s s e s sin g  th e  p o te n tia l  fo r  h e a d  in ju r y d u e  to 

r o o f  c o n ta c t s .  

4 .  A v e r a g e  q u ar te r -tu r n s a m o n g  t h e  g ro u p s  o f  

i n ju re d  a n d  u n in ju r e d  ca s e s  w e r e  q u ite  lo w .  

C o n  s e q u e n  t ly ,  h ig h  v e h ic le v e lo c ity a n d  

re su lt in g  o c c u p a n t m o t io n  m a y  n o t b e  a  fa c to r  i n  

c o m p a r in g  in ju r y p o te n t ia l  in  lo w  s e v e r ity 

r o llo v e r c ra s h e s .  D i ffe r e n ce s  in  h e a d r o o m  

re d u ctio n  w e r e  n o t  n e c e s s a r ily  d u e  to  d if fe r in g  

c r a s h  s e v e r it ie s  a m  o n g  t h e  t w o  g r o u p s .  

5 .  B e l te d  o c c u p a n ts  in  L T V 's  a p p e a r t o  b e  le s s  

s u s c e p tib le  to  h e a d  in ju r y  b e c a u s e  o f  th e  

g e n e r a lly  h ig h e r  a n d  s tr o n ge r  r o o f s  in  t h e s e  

v e h i c le s .  

6 .  A s  th e  s e v e rity  o f  th e  in ju r y  in c re a s e s ,  th e  

p e r ce n ta g e  o f c a s e s  w ith  h e a d r o o m  re d u c tio n  

b e l o w  t h e  t o p  o f  th e  h e a  d  i n c re a s e s .  

I t  w a s  n o t e d ,  th a t v e rt ic a l  e x c u r sio n  o f  th e  

o c c u p a n t o f f  the  se a t  a l so  in c re a s e s  th e  

p o te n tia l fo r h e a d  co n ta cts , e sp e cia l ly  for  t h o s e  

in ju re d  o c c u p a n ts w h o  d i d  n o t h a v e  s ig n if ic a n t  

h e a d r o o m  r e d u ct io n , b u t s ti l l  s u ffe r e d  a  h ea d  

in ju ry .  B e l t  s la c k  i s  a  fa c to r , h o w e v e r  th e  re su l ts 

o f  th e  p a s s e n g e r c a r a n d  L T V  c o m p a r is o n  

s u g g e s t  th a t i f  th e  init ia l h e a d r o o m  is 

a p p r e cia b ly  h ig h e r ,  in ju r y s ti l l  c o u ld  o c c u r o n c e  

the  h e a d r o o m  is  re d u c e d  to  b e lo w  a  c e r ta in 

le v e l.  W h e n  p r e - c r a s h  h e a d r o o m  b e l o w  1 2 . 7 c m  

w a s  e x a m in e d ,  it  w a s  f o u n d  th a t a ll  b u t 1 8  

p e r ce n t o f  th e  c a s e s  w ith  in ju r y h a d  h e a d ro o m  

re d u ctio n  b e lo w t h e  to p  o f  th e  h e a d .  

C o n  v e r s e l y ,  th e  s a m e  e x a m i n a tio n  o f u n in ju r e d  

o c c u p a n ts  s h o w e d  t h a t 6 2  p e r c e n t  d id  n o t  h a v e  

h e a d r o o m  in tr u sio n .  T h is  s u g g e s ts  th a t e v e n  if 

b e lt  s la c k  is  c a u s in g  th e  o c c u p ant  to  c o m e  

ve rt ic a l ly  o ff  th e  s e a t,  it  m u s t  b e  ac tin g  in 

c o n ju n c tio n  w i t h  h e a d r o o m  r e d u c t io n  t o  c a u s e  

in ju r y .  I t  is ,  th er efo re ,  im po rta nt in  fur the r 

res ea rc h  to  d e te r m in e  w h i c h  in ju r ie s  re s u lte d  

f r o m  in tr u sio n  in to  th e  a v a ila b le  h e a d r o o m ,  

w h i c h  o c c u rr e d a s  a  r e s u lt  o f t h e  o c c u p a n t  

"d iv in g"  into  th e  r o o f,  a n d  w h i c h a r e  ca u s e d  b y  

a  c o m  b i n a t io n  o f  t h e  a b o v e  tw o  f a c to r s.  B e t te r  

c l a s s i f ica t io n  o f  th e  in ju r y c a u s a tio n  c o u ld  b e  

d e v e lo p e d  w i th  m o r e  in fo r m a t io n  o n  th e  b e lt 

re stra int  s ys tem . 

T h is  s tu d y  s h o w s th a t  fu tu r e  re s e a rc h  s h o u ld 

c o n s id e r  th e  im p a c t  o f r o o f  in tr u sio n  in to  th e  

c o m p a r t m e n t .  T o  i m p r o v e  r o l l o v e r 

c ra s h w o r th i n e s s  o f  v e h ic le s , h e a d r o om 

re d u ctio n  a n d  th e  b e lt  s y s te m  s h o u l d  b e  

e v a lu a te d  s i m u l ta n e o u  s l y  to  u p g r a d e o c c u p a n t  

p r o te c tio n .  A s  m o r e  o c c u p a n ts  u s e  b e lt 

re stra ints  a n d ,  b e lt  p r e -te n s io n e r s,  in te g r a te d  

s e a t b e lts , w e b  g r a b b e rs , e tc .,  b e c o m e  m  o r e  

p r e va le n t,  th e  im p o r ta n c e  o f  h e a d r o o m  

re d u ctio n  is  l ik e ly  to  m o v e  t o w a r d  th e  fo r e fr o n t  

fo r  ro llo v e r p r o te c tio n .  

T h e  d i s c u s s io n  a n d  c o n c l u s io n s  i n  the  p a p e r  

r e p  r e se n t  th e  o p in io n s  o f  th e  a u th o r s a n d  n o t 

ne ce ssa r i l y t h o s e  o f N H T S A .  T h e  U n ite d  S t a te s  

G o v e r n m e n t  d o e s  n o t e n d o r se  p r o d u cts  o r  

m a n u f a c t u r e rs .  T ra d e  o r  m a n u fa c tu r e rs ’ n a m e s  

a p p e a r i n  th i s  p a p e r  s o le ly  b ec au se  the y  a re  

e s s e n tia l  to  th e  o b je c t o f  th e  p a p e r .  T h is 

d o c u m e n t  i s  d i s s e m i n a te d  u n d e r  t h e 

s p o n s o r s h i p  o f  t h e  D e p a r tm e n t  o f 

T r a n s po r ta t io n  in  th e  in te r e st o f  in fo rm a tio n 

e x c h a n g e .  T h e  U n i te d  S t a te s  G o v e r n m e n t  

a s s u m e s  no  l iab i l i ty  fo r  th e  c o n te n ts  o r u s e  
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